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I 1.  Existing  Projects(in  operation  1965) 


Reservoir  of  LoKe 


Levee  8k  Chonnet  Projects 

> East  Weover  Cr,  Trinity  R 3 Mod  River  At  Blue  Loke 
2 Eel  River,  Sondy  Proirie  Areo 


2.  Potentiol  Future  Flood  Control  Progrom 

A(I966-I90O),  AilConstrgctedor  Funded  for  Construction  os  of  Fy'I970), 
BU98I-2000),  C(200l-2020)  (See  Tobies  6 67) 


Reservoirs  with  Flood  Control 


t.  Butler  Volley  (A) 

2 CoHohon  (B) 

3 Croigs  (B) 

4 Helena  (6) 

5 Eifopom  (B) 


6 Schneider's  Bor  (B) 

7 Dos  R'os  IB) 

8 English  Ridge  (6) 

9 Yellow  Jocket  (C) 


Levee  6 Chonnel  Projects 


I Klomoth  R Neor  Kiomoth(Ai)  6 Scott  R (B) 


2 Redwood  Cr  (A<) 

3.  Eel  River  Delta  Area  (A) 

4 Ktorroth  R Near  Keno  (Ai) 

5 CoffeeCreek  (6) 


7.  Von  Duzen  R (B) 
8 Eureko  Ploms  (C) 
9.  WoMole  R,  (C) 

10  Gorcio  R (C) 


Wotershed  Projects 


Locations  of  Non- Structurol 

Flood  Ploin  Management  Meosures 
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Areas  Subiect  to  Flooding 


Major  Urban  Domoge  Centers 
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Riv«r  Forcostinq  PoinU 

River  SToge  (Custing) 

1 Or  Fine  Bridge 

2 Jed  Srnith  Pork 

3 KJomofh  Glen 

4 Ortck 

5 Fori  Jones 

6 Orleons 

7 Hoopo 
6 Arcota 

9 Fernbridge 

10  Slorvotion  Flols 


n River  Sloge  (Future) 


11  ScotiQ 

12  Bndgeviiie 

13  Pepperwood 
lA  Weott 

15  Miranda 

16  Ft  Seward 

17  Gorberville 

18  Leggett 

19  Dos  Rios 


1 Seid  Volley 

2 Happy  Comp 

Reservoir  Inflow  (Fsisting) 
I Rufh  Oom 


3 Yreka 

4 Hyomporr 


Reservoir  Inflow  (Future) 
I Trinity  Oom 

Reservoir  or  Loke 


Potentio)  Reservior  With  Flood  Control 
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SAN  FRANCISCO  BAY  SUBREGION 


General 

The  San  Francisco  Bay  Subregion  (SF)  is  an  area  of  6,112  square  miles 
along  the  central  California  Coast.  It  ejctends  about  150  miles  along  the 
ocean  from  the  mouth  of  the  Russian  River  in  Sonoma  County  on  the  north, 
to  Just  south  of  Ano  Nuevo  Point  In  San  Mateo  County  on  the  south.  (See 
Map  SF-1) 

The  climate  of  the  subregion  is  characterized  by  mild,  wet  winters  and 
warm,  dry  summers  Inland  with  cool,  foggy  summers  along  the  coast.  Temp- 
eratures throughout  the  year  range  from  over  100  degrees  to  below  freezing; 
with  an  average  mean  daily  temperature  of  around  60  degrees.  Average  annual 
precipitation  is  approximately  32  inches,  ranging  from  about  20  inches  for 
study  areas  in  the  south  to  over  40  inches  for  the  Russian  River  Basin  to 
the  north.  Snowfall  is  rare  and  is  not  a contributing  factor  to  runoff. 

The  subregion  had  an  estimated  population  of  4 million  people  in  1965. 
Major  urban  centers  Include  the  metropolitan  areas  of  San  Francisco,  Oakland 
and  San  Jose.  The  economy  is  dominated  by  highly  diversified  manufacturing, 
industrial,  and  service  activities.  Agriculture  and  related  activities, 
shipping,  and  distribution  also  comprise  major  segments  of  the  economy  of 
the  area. 

Transportation  facilities  are  extensive.  A highly  developed  Federal, 
State  and  county  highway  and  road  system  offers  ready  access  to  all  parts  of 
the  subregion  and  adjoining  areas.  The  San  Francisco  Subregion  is  served 
by  three  major  railroads,  and  airlines  providing  passenger  and  cargo  service 
throughout  the  world.  There  are  seven  major  seaports,  permitting  ocean- 
going vessels  to  transport  commercial  cargoes  and  otherwise  serve  important 
industrial  and  agricultural  centers. 

Major  streams  include  the  Russian  River,  Napa  River,  Alameda  Creek, 
Coyote  Creek,  Guadalupe  River  and  Pescadero  Creek.  The  Russian  River  is 
the  largest  stream  in  the  subregion,  draining  an  area  of  about  1,500  square 
miles  or  about  25  percent  of  the  subregion's  area.  Its  major  tributaries 
are  Dry  Creek  and  Big  Sulphur  Creek.  Additional  information  on  the  sub- 
region  can  be  found  in  Appendix  II,  'The  Region". 

Drainage  basins  within  the  subregion  range  from  mountainous  regions  to 
flat  coastal  plains.  These  diversified  hydrologic  characteristics  provide 
the  basis  upon  which  to  group  the  streams  into  convenient  study  areas  for 
Investigative  purposes.  The  subregion  is  separated  Into  the  following  study 
areas:  Russian  River  Basin;  North  Bay  Stream  Group;  East  Bay  Stream  Group; 

South  Ba.'  Stream  Group;  and  West  Bay  Stream  Group.  These  study  areas  with 
their  principal  streams  are  shown  on  Map  2. 


History  of  Flooding 


Recording  of  flood  dajnage  data  prior  to  the  early  19b0's  has  been 
limited  In  the  subregion.  Floods  are  caused  by  Intense  rainstorms,  gen- 
erally preceded  bv  rainfall  that  has  saturated  the  ’watershed.  A typical 
flood  producing  storm  may  last  from  three  to  six  days;  and  actually  be  a 
rapid  succession  of  several  fronts.  Peak  flows,  however,  are  generally 
of  short  duration.  The  frequency  of  floodlFig  on  the  Russian  River  is 
one  of  the  highest  In  the  State,  with  most  of  the  flooding  problems 
occurring  below  Hopland,  particularly  in  the  Guemeville  area. 


The  December  1955  and  December  1964  floods  are  the  most  severe  re- 
corded in  the  .San  Francisco  Bav  Subregion.  The  two  floods  claim.ed  four 
lives.  About  90,000  acres  were  inundated  during  the  1955  flood  and  dam- 
ages totaled  nearly  $23  million,  about  70  percent  of  which  were  agri- 
cultural, residential  and  commercial  losses.  Total  damages  for  the  1964 
event  were  substantially  under  those  of  the  record  flood  of  December  1955 
for  the  subregion  as  a whole.  However,  the  Russian  River  Basin  sustained 
unprecedented  damage  from  the  December  1964  flood  accounting  for  virtually 
ail  of  the  reported  -io.-qge  from  this  event  within  the  subregion.  The  1964 


flood  inundated  S’’ 
ages  of  nearly  $ 
cultural,  resid 
ages  were  floo 
each  for  the 


■cres  in  the  Russian  River  Basin,  resulting  in  dam- 
cn,  approximately  80  percent  of  which  were  agri- 
commerclal  Losses.  Included  in  the  total  dam- 
.g  and  cleanup  costs  of  approximatelv  $1  million 
i955  and  December  1964  floods. 


Damages  from  these  and  other  significant  recent  floods  in  the  sub- 
region  are  summarized  as  follows  and  are  shown  in  more  detail  in  Tables 
1 and  2.  Photo  SF-i  shows  flooding  of  Guemeville  by  the  Russian  River 
during  the  flood  of  February  1963.  Photo  SF-II  shows  flooding  of  Kent- 
field  by  Corte  .Madera  Creek  during  the  flood  of  February  1960. 


Flood  damages 

1/  ($1,000) 

Flood  rForest  range : Agricultural : 
season;  resources  : 'v  : 
(year):  facilities  : land  ; 

Residential : Industr ial 
^ 

commercial:  utility 

: "Ublic  iTotal 

:faclllties: 

1955-56 

0 

6,170 

9,  951 

3,106 

3,740 

22,947 

1958-59 

1 

3,485 

7,103 

1,474 

2,008 

14,071 

1962-63 

0 

1,838 

1,475 

15 

240 

3,568 

1964-65 

2 

4,179 

8,738 

119 

3,845 

16,883 

^ Based  on  prices  and  project  and  economic  conditions  at  tlm.e  of  occur- 


rence of  flood . 
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Flooding  of  residential  area  of  Kent  f ie Id  from  Corte  Madera  Creek  in 
the  Sorth  Bay  Stream  Group  during  flood  of  February  I960*  (Corps  of 

Engineers  Photo*)  PHOTO  SF-II 


Estimated  damages  from  a lOC-year  frequency  flood  for  selected  streams 
in  the  subregion  are  shown  In  Table  3.  Peak  flows  of  maximum  floods  of 
recoid,  100-year  floods,  and  standard  pro.lect  floods  for  selected  streams 
In  the  subregion  are  shown  in  Table  11. 

Present  Status  of  Flood  Control  Im.provements 


The  existing  flood  control  improvements  within  the  subregion  include  a 
variety  of  m.easures  to  reduce  floodflows.  Included  are  flood  forecasting, 
flood  control  storage,  levees  and  channels  and  land  treatment.  For  the  most 
part,  the  degree  of  protection  provided  by  existing  measures  vary  from  the 
100-year  or  greater  flood  in  urban  areas  and  10  to  50  year  protection  in 
agricultural  areas. 

The  Federal -State  River  Forecast  Center  In  .Sacramento  prepares  river 
and  flood  forecasts  for  this  subregion  which  are  disseminated  through  the 
National  Weather  Service  River  District  Office  in  San  Francisco.  These  fore- 
casts are  .for  flood  stage  at  key  points  along  the  Rus.slan  and  Napa  Rivers. 
Occasional  warnings  of  potential  high  water  are  issued  to  Interests  in  the 
San  Pablo  Bav  reach.  Forecast  points  are  shown  on  Map  4. 

The  Russian  River  Piasin  is  the  only  study  area  in  the  .San  Francisco 
Bay  Subregion  with  existing  (1965)  flood  control  storage  pro.iects . 0'  ?ote 

Valley  Reservoir  provides  a maximum  of  46,900  acre-feet  of  flood  storage 
capacity  during  the  most  critical  flood  situations,  controlling  runoff  from 
a drainage  area  of  105  square  miles.  Num.erous  smaller  detention  structures 
provide  an  additional  5,000  acre-feet  of  flcod  detention  capacity. 

The  existing  flood  control  levees  and  channels  are  widely  scattered  and 
have  been,  for  the  most  part,  only  partly  effective.  Existing  (1S65)  levee 
and  channels  total  222  miiles  and  371  miles,  respectively,  as  listed  by  study 
area  in  Table  7.  The  majority  of  these  ipave  been  constructed  by  local  in- 
terests and  are  of  varying  quality.  Most  of  these  local  Improvements  provide 
protection  from  floods  expected  to  occur  on  the  average  of  once  every  10  to 
25  years.  Projects  with  100-year  or  greater  flood  protection  account  for 
only  about  1,'  percent  of  total  length  of  existing  levee  and  channel  improve- 
ments. Existing  (1965)  Federal-local  protection  projects  include  Coyote 
Creek  in  the  North  Bav  Streairi  Group,  and  Rheem  and  San  Lorenzo  Creeks  in  the 
East  Bay  Stream.  Group. 

At  present  watershed  projects  are  Installed  on  the  Napa  River  in  the 
North  Bay  Stream  Group,  the  Russian  River  Basin  in  the  vicinity  of  Santa 
Rosa  and  on  Walnut  Creek,  In  the  East  Bay  Stream.  Group.  These  projects  are 
shown  on  Map  3. 


No  flood  plain  information  studies  were  prepared  in  the  subregion 
prior  to  1965.  Currently,  flood  plain  information  reports  are  being 
prepared  for  several  streams  in  the  subregion.  Flood  hazard  Information 
has  been,  and  is  being,  provided  to  governmental  agencies  to  permit  them 
to  proceed  with  such  planning,  engineering  studies  and  other  action  as 
may  be  necessary  for  wise  use  of  flood  plains.  The  Flood  Plain  Manage- 
ment Services  rTogram  is  covered  in  detail  in  the  Regional  Summary  of 
this  appendix. 

In  tributary  watersheds  progress  has  been  made  in  alleviating  flood 
control  problems,  however,  much  work  is  still  to  be  done.  One  of  the 
subregion's  remaining  problems  is  the  reduction  of  damages  resulting 
from  streambank  erosion.  Of  the  2,150  bank  miles  of  stream  channels  with 
erosion  problems  approximately  430  bank  miles  are  considered  as  having 
serious  problem.s.  Work  on  some  of  the  430  bank  miles  of  stream  banks 
having  serious  erosion  problems  is  included  with  levee  and  channel 
works.  About  one  quarter  of  the  sediment  produced  in  this  subregion 
comes  from  streambank  erosion.  As  Indicated  by  the  tables  delineating 
flood  damages,  land  damage  including  channel  and  bank  erosion  is  wide- 
spread throughout  the  subregion. 

The  accomplishments  of  the  existing  (lP65)  flood  control  measures 
In  the  San  Francisco  Bav  Subregion  have  been  significant.  Under  1965 
protect  and  economic  conditions,  the  flood  control  system  would  have 
prevented  about  $5  million  in  damages  frcm.  the  December  1955  flood 
and  over  $3  m.illlon  in  damages  from  the  December  1964  flood.  Most  of 
this  darniage  reduction  would  be  credited  to  the  Covote  Valiev  Reser- 
voir in  the  Russian  River  Basin.  Additional  details  are  shown  in 
Table  2.  During  the  floods  of  1958,  Covote  Valiev  Reservoir,  while 
under  construction,  reduced  flood  damages  by  $270,000.  It  was  esti- 
mated that  had  the  project  been  in  full  oneration,  a reduction  of 
$530,00.;  would  have  been  realized.  Tn  addition,  watershed  improve- 
ments on  Walnut  Creek  and  its  tributaries  (East  Bav  Stream  Group) 
prevented  an  estimated  $345,000  in  dam.ages  to  agricultural,  resi- 
dential and  commercial  properties  during  the  1955  flood. 

While  the  subregion  enjoys  a moderate  degree  of  flood  protection, 
significant  flood  problem.s  still  exist  throughout  all  the  study  areas. 

As  Indicated  by  the  tables  delineating  flood  damages,  land  damage,  in- 
cluding channel  and  bank  erosion,  is  widespread  throughout  the  San 
Francisco  Bav  Subregion. 

Average  annual  dam.ages  are  summarized  as  follows  for  the  five  study 
areas . 
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: Ksti  mated  hverajre 

Study  area : Annual  Damages  ($1,000)  1 


Russian  River  Basin  P,2B0 
North  Bay  Stream  Group  P,i)28 
East  Bay  stream  Group  5,453 
South  Bay  F^tream  Group  1,307 
West  Bay  Stream  Group  1 , 02 7 

Total  San  Francisco  Bay  .Subrep;lon  12,100 


1 Based  on  1965  prices,  economic  and  pro.lect  conditions. 

Additional  details  are  contained  in  Tables  3 and  4 for  the  entire  subregion 
N.nd  in.  Table  for  urban  ..re  is . 4'’. 'or  urban  d'imafr,e  centers  anc  ars'  s of 

the  subre.y.iciH  nv<b 'ecu  - r.  flcD':lr.,-'  '..-e  shcvn  cn  Map  4. 

I 

I Fhiture  Needs 

L 

i 

[ An  examination  of  the  taoles  and  the  pr'^viously  discussed  information 

' on  1965  flood  problems  indicates  that  additional  flood  protection  measures 

are  required.  It  is  estimated  that  average  annual  flood  damai-^es  in  the 
: San  Francisco  Bay  Subregion  (based  on  1965  prices  and  conditions)  total 

: $12.1  million.  The  flood  problems  are  expected  to  increase  in  the  future 

because  of  anticipated  economic  growth  and  change  in  the  use  of  the  flood 
plain.  Population  in  the  subregion  is  expected  to  increase  from  4,061,00h 
in  1965,  to  5, 697,  100  by  1900,  to  0,421,000  by  2000  and  11,225,000  bv  2020 
(base  plan  tjro.'ectlons ) . Due  to  these  factors,  the  average  annual  damages 
are  expected  to  increase  to  about  $21.1  million  bv  1980,  to  $42.7  m.illion 
bv  2000  and  $58.7  m.illion  by  2^2  : If  additional  damage  reduction  measures 
are  not  provided.  Estimated  damage  data  for  existing  and  future  conditions 
are  contained  in  Tables  5 and  9a. 

Vieasures  Required  to  Satisfy  Future  Needs 


Improved  flood  forecasting  will  be  a necessary  nart  of  a comprehensive 
flood  control  program.  A wel 1 -corrd inated  system  of  forecasting  will  permit 
more  nearly  ontimum  operation  of  pro.jects  for  all  purposes.  Tne  sm.aller 
streams  around  the  .Gan  Francisco  Bav  will  neevd  som.e  attention  both  in  tele- 
metered instrumentation  and  forecast  j^rocedures,  particularly  In  the  Walnut 
Creek  and  Gan  1 oreny.o  Creek  areas.  Similar  measures  will  also  be  necessary 
for  the  forecasting  of  floods  resulting  from  high  tides  In  the  northern  San 
Francisco  Bay.  Exi-stlng  and  potential  river  forecast  points  are  shown  on 
Map  4.  The  required  improvements  to  the  flood  forecasting  svstem  have  been 
estimated  to  total  $150,. X10  for  the  period  1966-1980,  $230,000  for  1981- 
2000,  and  $200, oOO  for  2001-202'.:. 
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The  future  flood  control  program  will  include  flood  water  storaf;e 
reservoirs  with  an  additional  39.'i,00('!  acre-feet  of  flood  control  cap- 
acity to  satisfy  future  needs.  Potential  reservoirs  and  aetentlon 
structures  are  listed  in  the  following  tabulation. 


Study  area/ 
t iT.e  frame 
in  which  needed 

: Reservoir 

: Stream 

: Flood 

: control 
rcapacltv 
: (ac . -ft. ) 

Drainage 

area 

(sq.  miles) 

Russian  River  Basin 

1966-19fi0 

'Warm  Springs 

Dry  Creek 

130,000 

130 

Knights  Valley 

Franz  '<■  Meiacama 

Creeks 

20,000 

55 

Detention 

Structures  (2) 

(Various ) 

5,000 

29 

1581-2000 

Little  Sulphur 

Little  Sulphur 

Creek 

36,000 

32 

Redwood  Valley 

SjEsian  River 

13,000 

14 

Mark  West 

Mark  West  Creek 

26, COO 

34 

Mill  Creek 

Mill  Creek 

16,000 

17 

Detention 

Structures  (S) 

( Var 1 ou  s ) 

3,  COO 

35 

2001-2020 

Robinson  Creek 

Robinson  Creek 

15,000 

23 

McDowell  Creek 

McDowell  Creek 

17,000 

25 

Feliz  Creek 

Feliz  Creek 

26,000 

39 

North  Bay  Stream 

Group 

1566-1580 

Detent  ion 

Structure 

No  Name 

2,000 

o 

1581-2000 

Detention 

■Structures  ( 7 ) 

(Various ) 

3,000 

26 

East  F'ay  Stream  Group 

1566-158(..i 

Del  Valle  y 

Arrovo  Valle 

35,000 

146 

Detention 

■Structures  (6) 

(Various ) 

13,(j00 

50 

1581-2000 

Detention 

■Structures  (4) 

( Var 1 ou  s ) 

3,000 

20 

South  3av  Stream 

Group 

1566-1580 

Detention 

Structure 

Silver  Creek 

2,000 

8 

1581-2000 

Detention 

Structures  (7>) 

(Various  ) 

3,000 

14 

2051-2  20 

Detent  Ion 

Structures  (4) 

(Various ) 

2,0^« 

7 
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Study  area/ 
time  frame 
in  which  needed 

: Reservoir 

: Stream 

: Flood 

: control 
:capac Ity 
: (ac . -ft . ) 

Drainage 

area 

(sq.  miles) 

West  Bay  Stream 
1966-1980 

Group 

Worlev  Flat 

Pescadero  Creek 

12,000 

38 

Detention 

Structure 

No  Name 

5,000 

12 

Total 

393,000 

1/  Completed  or  funded  for  construction  as  of  FY  1970. 


Included  in  the  above  tabulation  is  the  Knights  Valley  Reservoir  which 
has  been  authorized  for  construction.  In  addition,  local  Interests  antici- 
pate construction  of  several  small  reservoirs  with  total  flood  control  stor- 
age of  about  1,000  acre-feet  in  the  East  Bav  Stream  Group.  These  reservoirs 
are  shown  on  Map  3 and  additional  details  are  contained  in  Table  6.  Esti- 
mated cost  for  the  additional  flood  control  capacity  totals  $58.8  million 
for  the  period  1966-1980,  $31.0  million  for  1981-2000,  and  $15.4  million  for 
2001-2020. 

These  flood  control  reservoirs  alone  are  not  sufficient  to  furnish  the 
desired  degrees  of  protection  to  the  subregion.  Additional  levee  and  chan- 
nel improvements  will  be  necessary  to  contain  floodflows  in  those  channels 
of  limited  capacltv  which  cannot  safely  pass  flood  discharges,  ^ellmlnary 
studies  Indicate  that  ma,:or  downstream  levee  and  cheuinel  improvements  are 
desirable  in  the  following  areas: 

Study  area/time  frame  i Levees  1/ i Channels  y 

in  which  needed ^ (Bank  Miles) | ( Mi.  les  ) 


Russian  River  Basin 


1966-198U 

0 

80 

1981-2000 

C 

3 

2001-2020 

0 

16 

North  Bav  Stream  Group 

1966-1980 

33 

77 

1981-2000 

6 

11 

East  Bay  Stream  Group 

1966-1980 

36 

37 

1981-2000 

0 

7 

2001-2020 

40 

2 

5F-7 


r" 


w 


1 


■Study  area 

t ime  f ra’i’e  : 

1 evees  1 ' : 

C.hannels  1. 

in  which 

nee<led  : 

(Bank  .Miles)  : 

( Miles  ) 

South  Bay  Stream.  Group 


1966-1980 

6 

B8 

1981-2000 

0 

2 

2Jol-202i' 

0 

2 

West  .Bay  .Strean,  Group 

1966-196 

4 

1981 -2.x  . 

14 

' 

Total 

128 

393 

1,  Includes  35  miles  of  levee  and  S3  miles  of  channel  which  have  been 


completed  or  funded  for  construction  bv  FY  1970. 

i.ocal  Interests  are  expected  to  tjrovlde  protection  measures  alonp;  23 
miles  of  channel  In  the  itussian  'diver  Basin,  22  miles  of  channel  In  the 
North  Bav  Stream.  Group,  12  miles  of  channel  In  tne  Fast  Bav  Stream  Group, 

26  miles  of  channel  In  the  .South  Bay  .Stream  Group;  and,  four  miles  of  chan- 
nel In  the  West  Bav  Stream.  Group.  Included  In  the  above  tabulations  are 
the  ,\apa  Hlver  and  Sonoma  Creek  ••'rolects  in  the  North  Bay  .Stream.  Group,  now 
in  the  aivanc^'  engineering  and  de.slpn  staye ; and,  the  Alhambra  Creek  Pro,'- 
ect  now  authorized  for  construction.  Also  included  l.s  the  Pine  Creek 
watershed  pro.iect  which  has  been  authorized  for  construction. 

Locations  of  levies  and  channel  work  are  indicated  on  Map  3,  and  addi- 
tional details  are  included  in  'fable  7.  Fstlmated  cost  for  additional 
leve<*  and  channel  work  totals  |222.4  m.illicn  for  the  period  1966-1980, 

$46.0  m.illicn  for  li>81-200u,  and  $10.2  million  for  2001-2020. 

Structural  measures  included  in  the  proceeding  tables  will  be  com.ple- 
mented  by  land  treatm.^'-nt  mea.sures.  Such  land  treatment  m.easures  as  crit- 
ical area  planting,  brush  control,  farm  ponds,  and  range  seeding  will  be 
most  widely  usf^d . See  Map  3 for  location  of  potential  watershed  projects. 
In  areas  outs  id"  c'’  watershed  nro^iect  area.s,  throughout  the  subregion, 
individuals  and  groups  of  individuals  install  m.anv  land  treatment  measures 
to  retard  runoff  and  reduce  erosion. 

Fstlmated  costs  and  acr"s  of  the  above  land  treatm.ent  measures  are 
1 ' ■ . . ■ - 
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land  Treatment 

1966- I960 

1981-2 

2 . 1-2  120 

Thousanii  acres 

T.'5 

92 

97 

Thousand  dollars 

3 bo 

91. 

530 

There  are  several  communities  in  the  s\;bregicn  wnere  flood  problemr 
exist  which  have  not  b«en  examined  in  detail.  Tnese  problems  tentatively 
identified  could  be  provided  witn  possible  solutions  bv  the  use  of  Flood 
^laln  Information  ;?eports,  and  otner  investi.-’;at  ion  programs.  At  the  present 
time  Flood  ^lain  Information  Studies  are  scheduled  for  several  of  these 
communities. 

Within  the  subregion  certain  non-structural  flood  control  measures  were 
considered  part  of  the  overall  program.,  priTiarilv  flood  plain  zoning  and 
flood  proofing.  These  were  particularly  applicable  in  the  South  and  riast  Bay 
Stream.  Groups,  in  the  San  .iose  and  the  Walnut  Creek  areas,  a.nd  Involved  about 
5;  miles  of  stream.  Dam.at.^e  redi.ctions  for  urban  centers  attributable  to  non- 
structural  measures  are  found  in  Table  i-b . estimated  cost  for  the  above 
measures  totals  .f4.8  m.illion  for  the  period  luAG-li-flC,  $16. B million  for 
1981-2000  and  $11.9  million  for  20>  l-2'^2  . The  tvpv’s  of  non-structural  flood 
plain  m,anag°m.ent  m.easures  are  discussed  in  m.ore  detail  in  the  Begicnal  -Summary 
of  this  appendix.  (See  Tables  8 and  .b  . 

’■'’otential  to  Satisfy  Future  ~Jeeds 

The  flood  control  program  nresented  herein  would  red\ice  the  pro.'ected 
average  annual  dan,ages  $14.8  m.illion  bv  1980,  $:^6.9  m.illion  bv  2000,  and  $82.4 
million  bv  202i'  at  an  estim.ated  installation  cost  of  ,$286.5  m.illion  for  the 
period  1966-1980,  $95.  " million  for  1981-2  ' G,  and  $46.3  million  for  2001- 
2020.  Estimated  annual  OM'<:0  costs  for  the  1966-1980,  lP81-2CiC'0  and  2001-2020 
cortlon  of  the  flood  control  program,  are  $1.43  m.illion,  $0.71  m.illion  and  $0.63 
million.  (See  Tables  10,  I'a  smd  10b V The  effect  of  the  potential  flood  con- 
trol program  on  future  damages  is  shown  in  Table  8 and  graphically  on  Figure 
SF-1,  and.  its  effect  on  flood  flows  is  s.down  in  'fable  11. 
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I.  Existing  Project  (in  Operotion  i965) 


Reservoirs  With  Flood  Control 
I Coyote  Vo Iley 

Levee  8 Channel  Projects 

1 Coyote  Cr.  (Morin  Co) 

2 Rheem  Cr 

3 Son  Lorenzo  Cr. 


o 


Watershed  Projects 

1 Centrol  Sonoma  Areo 

2 Nopo  R 

3.  Wolnuf  Creek 


2.  Potential  Future  Flood  Control  Program 

A(I966-  t980).  A, (Constructed  or  Funded  tor  Construction 

os  of  Fy‘I970).  B(»98l-2000).C(200l-2020).(See  Tobies  6 87) 


Reservoirs  with  Flood  Control 


1 Worm  Springs  (Ai) 

2 Knights  Volley  (A) 

3 Del  Voile  (Ai) 

4 Worley  Flof  (A) 

5 Redwood  Valley  (6> 

6 Little  Sulphur  (B) 


7 M.n  Creek  (B) 

8 Mork  West  (B) 

9 Robinson  (C) 

10  Felrz  (C) 

11  Me  Dowell  (C) 


Levee  8 Chonnel  Projects 


I Sonomo  Cr  (A) 

2 Nopo  R (A) 

3 Novoto  Cr  lA) 

4 Corte  Modero  Cr  (A|) 

5 Arroyo  Corte  Modern  Del 
Persidio  lA ) 

6 Wildcot-Son  Pablo  Crs  (A) 

7 Alhombro  Cr  (A) 

8 Foirfield  Strms  ( A) 

9 Rodeo  Cr  (Ai) 

10  P.nole  Cr  (Ai) 

1 1 Son  Leondro  Cr  I A) 

12  Alameda  Cr  (A|) 

1 3 Walnut  Cr  (Ai) 


Watershed  Projects 


Locot  ons  of  Non  Structural 
Flood  Piflin  Monogemer^t  i 


14  Walnut  Cr  (A) 

15  Russion  R (A|) 

16  Dry  Cr  (A.) 

17  Guodolupe  R (A) 

18  Coyote  Cr  ISonto  Cloro  Co  )(A) 

19  Silver  Cr  8 Vicinity  (A) 

20  Pine  Cr  Streoms  (A) 

2 1 Pelolumo  R IB) 

22  Son  Rofoel  Cr  (B) 

23  Son  Moteo  Strms  (B) 

24  Son  Froncisquito  Cr  (B) 

25  Coimo  Cr  (B) 

26  AiomedoCr  - L'vermore  (C) 
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CENTRAL  COASTAL  SUBRSGTON 


General 


The  Central  Coastal  Subregion  (CC)  extends  along  the  Pacific  Ocean 
for  approximately  .350  miles,  from  Ano  Nuevo  Point  In  .San  Mateo  County 
on  the  north  to  near  the  Santa  Barbara-Ventura  county  line  on  the  south. 

The  subregion  extends  Inland  an  average  of  about  50  miles  to  the  crest  of 
the  coastal  ranges  and  encompasses  an  area  of  11,452  square  miles,  f See 
Map  CC-1. ) It  Is  comprised  of  drainage  areas  of  streams  discharging  Into 
the  Pacific  Ocean  and  includes  a closed  basin  in  the  southeastern  part  of 
the  Salinas  River  Basin  Study  Area. 

The  climate  of  the  subregion  Is  temperate,  with  warm  dry  summers  and 
mild  wet  winters.  Local  topography  has  marked  effect  on  the  direction  of 
prevailing  winds,  frosts  and  amounts  and  areal  distribution  of  rainfall. 
Temperatures  along  the  coast  range  from  a winter  low  of  about  20  degrees 
to  a summer  high  of  nearly  100  degrees,  with  Interior  valleys  having  tem- 
peratures from  below  ID  degrees  In  the  winter  to  well  over  110  degrees  In 
the  summer.  About  90  percent  of  the  precipitation  occurs  during  the  months 
from  November  to  April.  Normal  annual  precipitation  is  around  21  Inches, 
ranging  from  17  Inches  for  the  Salinas  River  Basin,  20  Inches  for  the  Santa 
Ynez  River  Basin  an...  47  Inches  for  the  San  Lorenzo  River  Basin  and  over  60 
inches  In  the  mountains  southeast  of  Ntonterey. 

The  subregion  had  an  estimated  population  of  6S7,000  in  1965.  Major 
urban  centers  Include  Salinas,  Monterey,  Carmel,  Santa  Cruz,  Watsonville, 

San  Luis  OblspxD,  Santa  Marla  and  Santa  Barbara.  The  economy  of  the  sub- 
region  Is  supported  primarily  by  agriculture  and  related  industry.  In 
addition,  manufacturing,  pjetroleum,  mineral  production  and  the  recreation 
Industry  are  contributors  to  the  basic  economy. 

The  basin  is  served  by  Federal,  State  and  county  roads,  which  afford 
ready  access  to  all  parts  of  the  subregion.  The  subregion  Is  also  served 
by  railways  and  several  airlines. 

Important  streams  Include  San  Lorenzo,  Pajaro,  .Salinas,  Carmel,  .Santa 
Marla  and  .Santa  Ynez  Rivers.  The  -Salinas  River  is  the  largest  stream  in 
the  subregion,  draining  over  4C  piercent  of  the  total  area.  Its  major  tri- 
butaries Include  the  Nacimlento  River,  San  Antonio  River  and  Arroyo  Seco, 
originating  west  of  the  main  stem  In  the  Santa  Lucia  Range,  and  Fstrella 
^r°<'k  and  San  Lorenzo  Creek,  originating  east  of  the  main  stream.  In  the 
Diablo  Range.  Additional  Information  on  the  subregion  can  be  found  In 
Appendix  IT,  The  Region. 

Th®  Central  Coastal  Subregion  has  been  subdividf*d  Into  hydrologic  study 
ar«ar,  to  facilitate  Investigation  of  present  and  future  flood  problems. 

">.'’3'*  study  areas  ar°:  .Santa  Cruz  Stream  Group;  Pajaro  River  Basin;  .Salinas 
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River  Basin;  Carmel  River  Group;  Morro-San  Simeon  Streams;  San  Luis 
Obispo-Arroyo  Grande  Streams;  Santa  liaria  River  Basin;  Santa  Ynez  River 
Group;  and  Santa  Barbara  Streams.  (See  Map  2.) 

History  of  Flooding 

Althou^  storms  reaching  the  Central  Coastal  Subregion  occur  in  con- 
siderable variations,  certain  characteristic  conditions  are  conducive  to 
flood  producing  rainfall  over  the  area.  In  general,  these  storms  occxir 
with  a southward  displacement  of  the  Aleutian  Low  and  its  associated 
frontal  systems.  The  closer  the  center  of  the  low  to  the  California 
coast,  the  more  severe  the  rainfall.  Flood  producing  storms  vary  in 
duration  from  three  days  to  six  'days.  Storms  lasting  longer  than  three 
days  generally  result  from  a combination  of  weather  patterns.  Because 
of  steep  gradients,  floods  on  streams  in  the  subregion  are  characterized 
by  extremely  rapid  rise  and  almost  as  rapid  recession. 

Recenc  ma.ior  floods  occurred  in  February-March  1938,  January  195P, 
December  1955,  April  1959,  December  1966,  January  1967,  and  January  and 
February  1969.  On  a subregion  basis,  the  1938,  1955,  and  1969  floods 
are  the  most  significant  and  widespread,  with  the  1969  flood  being  the 
most  severe  of  the  three.  Available  records  indicate  16  persons  lost 
their  lives  to  floods  this  century. 

The  floods  of  January  and  February  1969  were  caused  by  a series  of 
Pacific  storms  which  brought  widespread  and  severe  damage  to  large 
areas  in  central  and  southern  California,  including  nearly  all  of  the 
study  areas  in  the  Central  Coastal  Subregion.  Damage  from  the  January 
and  February  1969  floods  totals  approximately  .’^61  million  for  the  sub- 
region,  including  nearly  ?-34  million  in  the  Salinas  River  Basin  and 
*11  million  in  the  Santa  Ynez  River  Group.  Flood  fighting  and  cleanup 
costs  for  these  two  floods  exceeded  ?2.5  million.  Damages  to  agricul- 
tural suid  urban  categories  were  about  equally  divided.  Photo  CC-I  shows 
flooding  conditions  along  the  Salinas  River  near  Spreckles  during  the 
Febrxiary  1969  flood. 

The  1955  flood  Inundated  14,400  acres  in  the  northern  portion  of 
the  subregion,  resulting  in  .‘•16  million  in  damages,  of  which  80  percent 
were  agricultural,  residential  and  commercial  in  nature. 

The  1938  flood  was  extensive  throughout  the  subregion.  However, 
due  to  the  low  scale  of  development  at  the  time,  only  about  ^'1.?  mil- 
lion in  damages  were  recorded.  Damages  from  these  and  other  signifi- 
cant floods  in  the  subregion  are  tabulated  •.  i ar.  i are  hcvn 

i.-.  more  f'-tail  in  Tables  ; and  9. 
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Flood  damages  1/  - (?1. 

000'. 

Flood  : Forest  & range 
season:  resources 

I'vear):  & facilities 

: Agricultural 
; & 

: land 

: Residential : 
: & : 
:commerclal  : 

Industrial 

& 

utility 

: Public  : Total 

: facilities: 

1937-38 

18 

737 

51 

153 

205 

1,164 

1951-52 

34 

169 

25 

48 

25 

301 

1955-56 

2 

3,545 

9,389 

540 

2,606 

16,082 

1957-58 

111 

2,675 

921 

394 

2, 169 

6, 263 

1966-67 

76 

4,  110 

715 

1,  350 

1,490 

7,  741 

1968-69 

28 

27,422 

4,447 

6,  175 

22, 753 

60,805 

\j  Based  on  prices  and  project  and  economic  conditions  at  time  of 


occurrence  of  flood. 

Estimated  damages  from  a 100-year  frequency  flood  for  selected  streeims 
In  the  subregion  are  shown  In  Table  3.  Peak  flows  of  maximum  floods  of  re- 
cord, lOO-year  floods,  and  standard  project  floods  for  selected  streams  are 
shown  In  Table  11. 

Present  Status  of  Flood  Control  Improvements 

The  subregion  has  a moderate  degree  of  flood  protection  on  streams  with- 
in the  area,  f See  Map  3.)  The  existing  flood  damage  reduction  measures  In- 
clude flood  forecasting,  flood  control  storage  and  levee  and  channel  Improve- 
ments. The  degree  of  protection  provided  by  these  measures  varies  from  the 
lOO-year  or  greater  flood  In  urban  areas,  and  from  10  to  50-year  flood  pro- 
tection In  agricultural  areas. 

The  Federal-State  River  Forecast  Center  In  Sacramento  prepares  river 
and  flood  forecasts  which  are  disseminated  through  the  San  Francisco  River 
District  Office  of  the  National  Weather  Service.  These  forecasts  are  for 
river  stages  during  high  water  periods.  The  locations  of  forecasting  points 
are  shc^n  on  Map  4. 

Fxlstlng  (1965)  flood  control  reservoirs  are  located  In  the  Salinas 
River  Basin  and  the  Santa  Marla  River  Basin.  They  provide  a maximum  storage 
of  ?89,000  acre-feet  during  the  most  critical  flood  situations.  These  re- 
servoirs are: 
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: Flood 

Study  area 

Reservoir 

Stream 

: control 

: Drainage 

: capacity 

: area 

: (ac.  -ft.  '> 

:(sq.  miles) 

Salinas  River 


Basin 

San  Antonio 

San  Antonio  River 

50,000 

3?4 

Naclmiento 

Naclmiento  River 

150,000 

3?4 

Santa  Marla 

River  Basin 

Twltchell 

Cuyama  River 

89,000 

1,  135 

Lake  Cachuma  on  the  Santa  Ynez  River  and  Lake  Salinas  on  the  upper 
Salinas  River,  both  water  supply  reservoirs,  also,  contribute  to  flood 
damage  reductions  at  times,  especially  when  the  reservoirs  are  not  full 
at  the  beginning  of  flood  runoff.  The  locations  of  these  projects  are 
shown  on  Map  '1,  with  additional  Information  given  in  Table  6. 

Existing  local  protection  works  are  composed  of  69  miles  of  levees 
and  9 miles  of  Improved  channels.  Of  the  69  miles  of  levees,  approxi- 
mately 36  miles  are  located  in  the  Psjaro  River  Basin  and  ?4  miles  in 
the  Santa  Marla  River  Basin.  The  only  existing  channel  Improvement 
projects  providing  better  than  10o_ypar  flood  protection  are  the  San 
Lorenzo  River  Project  completed  In  1959  and  the  Santa  Marla  River  Proj- 
ect completed  In  1963.  Existing  ( 19 651  levee  and  channel  projects  are 
listed  in  Table  7 and  shown  on  Map  3. 

The  Arroyo  Grande  Watershed  Project  on  Arroyo  Grande  Creek,  Installed 
prior  to  1965,  provides  protection  of  the  flood  plain  by  channel  improve- 
ment. The  structural  measures  within  this  project  are  complemented  by 
non-structural  land  treatment  measures  which  retard  runoff  and  reduce 
erosion. 

The  Flood  Plain  Management  Services  Program  is  explained  In  detail 
In  the  Regional  Summary  of  this  apyiendlx.  No  flood  plain  information 
studies  were  conducted  In  the  subregion  prior  to  1965.  Three  flood 
plain  information  reports  have  subsequently  been  published:  one  for 
the  lower  Carmel  River  In  May  1967,  and  for  two  reaches  of  the  Santa 
Ynez  River  In  April  1969  and  April  1970.  Flood  hazard  Information  has 
been,  and  Is  being,  provided  to  governmental  agencies  to  permit  them  to 
proceed  with  such  planning,  engineering  studies  and  other  action  as  may 
be  necessary  for  wise  use  of  the  flood  plain. 
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In  the  Central  Coastal  Suhrep:ion,  the  accomplishments  of  existing:  flood 
control  measures  have  been  substantial.  The  existing  system  of  reservoirs, 
levee  and  channel  improvements,  aupmiented  by  flood  forecastlnp:,  has  pro- 
vided flood flow  reduction  and  prevention  of  flood  losses. 

Under  1965  pro,^“ct  and  economic  conditions,  existing’-  flood  control 
developments  would  have  prevented  about  Jf'lP.G  million  in  flood  dama«?,es  from 
the  December  1955  flood  and  did  prevent  million  in  damap;es  durintr  the 
1966  flood  and  .t6.4  million  in  the  January-February  1969  floods.  Nacimlento 
and  San  Antonio  Reservoirs  provided  effective  control  of  runoff  on  the 
Salinas  River  durinfr  the  floods  of  December  1966  and  January-February  1969. 
The  two  reservoirs  prevented  an  estimated  1"?  million  In  flood  damages  durlne 
the  Decem.ber  1966  flood  and  t6.?  million  d'urlng  the  February  19  69  floods. 
Photo  CC-Ii  shows  the  Naclmlento  R<='servoir  in  operation  durinp  the  flood  of 
February  1969.  The  Twitchell  Reservoir  on  the  Cuyama  River,  together  with 
the  levee  project  on  the  Santa  Marla  River,  prevented  about  in  flood 

damap;es  during  the  January  1969  flood.  The  Arroyo  Grande  Watershed  Project 
was  effective  In  preventing  about  ^1  million  in  flood  damages  for  the  same 
flood.  Approximately  $450,000  In  actual  flood  losses  were  prevented  by  the 
existing  levee  project  in  the  Pajaro  River  Basin  during  the  December  1955 
flood  (1955  prices’).  Additional  details  are  Included  In  Table  ?. 

As  is  evident  from  an  examination  of  the  flood  damage  tables,  signifi- 
cant problems  exist  within  the  subregion.  These  problems  are  particularly 
serious  in  the  Pajaro  River  Basin,  Salinas  River  Basin,  'lanta  Barbara 
Streams  study  area  and  In  the  populated  downstream  sections  of  the  various 
coastal  streams  such  as  the  Santa  Maria,  Santa  Ynez  and  Slsquoc  Rivers. 

Streambank  erosion,  which  is  a major  problem  in  downstream  channels  such 
as  those  of  the  Salinas  and  Carmel  Rivers,  Is  not  considered  a serious  pro- 
blem in  the  tributary  watershed  areas.  The  subregion  has  a total  of  9,700 
miles  of  eroding  streambank,  of  which  1,470  miles  are  considered  serious. 

The  primary  erosion  problem  in  the  tributary  areas  is  sediment  production  and 
deposition  resulting  from  surface  erosion.  Present  land  treatment  practices 
are  primarily  fire  prevention  ar.d  suppression,  range  seeding,  critical  area 
planting  and  crop  residue  utilization. 

Average  annual  damages  for  the  subregion  are  summarized  as  follows: 
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Study  Area 

Estimated  Average 
Annual  Damages  0$  1,000'  1' 

Santa  Cruz  Stream  Group 

195 

Pajaro  River  Basin 

2, 105 

Salinas  River  Basin 

3,615 

Carmel  River  Group 

685 

Morro-3an  Simeon  Streams 

296 

San  Luis  Obispo -Arroyo  Grande  Streams 

270 

Santa  Marla  River  Basin 

728 

Santa  Ynez  River  Group 

604 

Santa  Barbara  Streams 

1,512 

Total 

10,004 

Based  on  1965  prices,  economic  and  pro.iect  conditions. 


Additional  details  are  contained  In  Table  4 for  the  entire  subrep;lon  and 
in  Table  9 for  urban  areas.  Ma,jor  urban  dama«e  centers  and  areas  sub- 
ject to  flood ine:  ^re  shown  on  Map  4. 

Future  Needs 


The  Central  Coastal's  future  problems  will  stem  lar/jely  frc»n  antici- 
pated economic  growth  and  change  in  the  use  of  flood  plains,  thus  requir- 
ing additional  flood  protection  measures.  It  Is  estimated  that  the  aver- 
age annual  flood  damages  In  the  Central  Coastal  Subregion  (based  on  1965 
prices  and  economic  conditions'  exceed  -tlO  million.  The  subregion's  pop- 
ulation Is  expected  to  increase  from  6f7,ooo  In  19  65  to  1,066,^^00  by  1980, 
?,08O,0OC  by  2000,  and  4,065,000  by  ?o?o  C base  plan  projections'.  Due  to 
these  factors,  the  average  annual  damages  are  expected  to  Increase  to 
about  $14.7  million  by  1980,  $26.5  million  by  2000,  and  $47.5  million  by 
2020  if  additional  reduction  measures  are  not  provided  after  1965.  Fs- 
tlmated  damage  data  for  existing  and  future  conditions  are  contained  In 
Tables  5 and  9a. 

^*easures  Required  to  Satisfy  Future  Needs 

Improved  flood  forecasting  wdll  become  a necessary  element  in  a com- 
prehensive flood  control  program.  A well -coordinated  system  of  fore- 
casting will  permit  more  nearly  optimum  operation  of  projects  for  all 
purposes.  Efforts  will  have  to  be  made  In  developing  procedu:-es  for 
flood  forecasts  In  providing  an  adequate  hydrologic  data  network  and  In 
expanding  the  area  of  coverage  of  rlv“r  and  flood  forecasts.  Future 
forecasting  points  are  shown  on  Map  4.  The  required  Improvements  to 
the  flood  forecasting  system  have  been  estimated  to  cost  $180,000  for 
the  period  1966-1980,  $220,000  for  1981-2000,  and  $250,000  for  2001- 
2v02O. 
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yacirriento  Dam  and  Rvsorvotr  in  operation  during  the  February  1969 
flood*  This  project  was  constructed  hy  the  yontcrey  County  Vi<#frr 

Conservation  and  Flood  Control  District  in  19  57  * (Corps  of  Enfi  i neer  s PHOTO  CC-11 
Phot  o * ) 


Flood  water  storage  will  be  iinportant  In  the  future  flood  control 
program.  An  additional  514,000  acre -feet  of  flood  control  capacity  are 
required  In  the  Central  Coastal  Subregion  to  satisfy  future  needs.  The 
potential  reservoirs  and  detention  structures  are  contained  In  the 
following  tabulation: 


: Flood  : 

Study  Area / : 

Reservoir 

Stream 

: Control  : Drainage 

time  frame  : 

: Capacity  : Area 

in  which  needed  : 

: (ac. -ft. ) :( sq.  miles) 

1966-1980 

Soquel 

Soquel  Creek 

19,000 

32 

Pa.iaro  River 

Basin 

■!:-g:-.i980 

Detention 

Structure 

No  Name 

4,000 

L9 

1981-2000 

Gilroy 

Detention 

Carnadero  Creek 

2.5,000 

64 

Structures  (?) 

( Various') 

6,000 

59 

90C1-2020 

Detention 
Structures  (6) 

(Various) 

15,000 

70 

Salinas  River 

' Basin 

1966-1980 

Detention 

Structures 

(Various') 

4,000 

48 

1981-200^ 

Greenfield 

Arroyo  Seco 

80,000 

217 

Salinas 

Salinas  River 

50,000 

112 

Detention 

Structure 

No  Name 

6,000 

220 

Carmel  River 

Group 

1981-2000. 

Klondike 

Canyon 

Carmel  River 

40,000 

185 

2001-2020 

Detention 
Structures  (8) 

(Various) 

29,000 

155 

Morro-San  Simeon  Streams 

1981-2000 

Santa  Rosa 

Santa  Rosa  Creek 

2,  000 

12 

Santa  Maria  River  Basin 

1966-1980 

Detention 
Structures  (5) 

(Various) 

1,000 

2 

1981-2000 

Round  Corral 

Slsquoc  River 

108, 000 

280 
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Study  Arf’a/  : 

Reservoir  : 

time  frame  : 

in  which  needed  : 

: Flood  : 

Stream  : Control  ; T>rainap;e 
: Capacity  : Area 

:(ac.-ft.  miles'* 


.Santa  Ynez  Stream  Group 
ISCfi-lSeO  Lompoc 

Detention 
Structur'^s  (P) 


■Santa  Ynez  River  l?5,orio  79<^ 


( Various 


l.cv-in 


Santa  Barbara  Streams 

196tS-i9B'j  Detention 

Structure 

Total 


No  Name 


1 ,0Qo 
514,000 


'Tiiese  reservoirs  ar'^  shown  on  Map  ^ and  additional  details  are  contained 
In  Table  6.  Fstimated  Installation  cost  for  the  additional  flood  control 
capacity  total  .'^.sc>.7  million  for  the  period  1966-19R0,  $5?. 9 million  for 
1981-POOO  and  .tl.S.5  million  for  ?(''01-?o?(S . 

Limited  capacity  of  channels  in  various  areas  will  require  levee  and 
channel  work  to  safely  pass  floodflows.  Preliminary  studies  Indicate 
that  additional  levee  and  channel  work  Is  desirable  In  the  followlne; 
ar»as  of  the  Central  Coastal  Subregion: 


Study  area  time  fram® 
In  which  needed 


Levees 
( Bank  Miles' 


Channels 
( Miles'^ 


Pa.'aro  River  Basin 
1966- 19  BO 
19fll-?^00 
?001-?0'?0 

.'lallnas  River  Basin 
1966-19B0 
19fil-?0n0 


Morro-San  Simeon  Streams 
i9Bl_?OOo 
?0CJ-P^?ci 


I 


Study  area /time  frame  : 
in  which  needed  : 

lavees 

(Bank  Mllesl 

Channels 

(Miles'! 

San  Luis  Obispo -Arroyo 
Grande  Streams 

1966-1980 

0 

2 

1981-2000 

0 

3 

2001-2020 

0 

1 

Santa  Maria  River  Basin 

1966-1980 

0 

2 

1981-2000 

0 

4 

2001-2'' 20 

0 

2 

Santa  Ynez  River  Basin 

1966-1980 

0 

5 

1981-2000 

0 

5 

2001-2020 

0 

5 

Santa  Barbara  Streams 

1966-1980 

1 

IP 

1981-2000 

2 

11 

POO  1-202^ 

n 

11 

Total 

54 

275 

Included  In  the  above  tabulation  are  the  authorized  modification  of 
the  existing  Pajaro  River  Project,  now  in  advance  engineering  and  design 
stage,  and  the  authorized,  but  Inactive,  bank  stabilization  and  channel 
Improvement  project  for  the  Salinas  River.  Also  Included  are  the  author- 
ized Upper  and  Lower  Llagas  Creek  Watershed  Projects  which  are  now  in  the 
advance  engineering  and  design  stage.  Locations  of  levee  and  channel 
work  are  indicated  on  Map  d and  additional  details  are  included  in  Table  7, 

Levee  and  channel  work  by  local  Interests  in  the  future  is  expected  to 
be  of  limited  scope  and  would  probably  not  have  significant  Influence  in 
reducing  the  overall  potential  flood  damage  in  the  subregion.  The  esti- 
mated installation  cost  for  additional  levee  and  channel  work  totals 
•*67.7  million  for  the  period  1966-1980,  ^49. 4 million  for  1991-POO^,  and 
t?6.4  million  for  ?09i_pr-po. 

The  structural  measures  included  in  the  preceeding  tables  are  to  be 
complemented  by  non -structural  land  treatment  practices.  The  most  frequently 
used  present  practices  of  critical  area  planting,  rotation-defered  grazing, 
range  seeding  and  brush  control  are  expected  to  be  effective  in  the  future. 
•I'e  Map  .'i  for  potential  watershed  land  treatment  locations. 
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?lstlmated  costs  and  acres  of  watershed  land  treatment  measures  are 
summarized  below. 

Land  Treatment  19^6-1980  1981-POOO  gnPl-gOPO 

Thousand  acres  76  90  ■'^6 

Thousand  dollars  g, 40^^  ,'^,800  ?,g00 

To  combat  exlstln;^:  and  anticipated  flood  problems,  emphasis  on  non- 
structural  flood  plain  management  measures  will  increase  to  become  a 
mors  Important  component  of  the  flood  control  program  in  the  subregion. 
These  measures  will  consist  primarily  of  flood  plain  zoning  and  flood 
proofing.  Particularly  adaptable  to  such  measures  would  be  about  85 
stream  miles  in  the  urban  areas  of  the  San  Luis  Obispo,  Santa  Maria 
and  Santa  Barbara  stream  groups.  Ibible  9b  lists  damage  reduction 
in  urban  areas  attributable  to  future  non-structural  measures  for 
the  subregion.  Non-structural  flood  plain  management  measures  are 
discussed  in  the  Regional  Summary  of  this  appendix.  (Also  see  Table 
8).  The  estimated  costs  for  the  above  measures  are  .tS.O  million  for 
the  period  1966-1980,  .*15.9  million  for  1981-gOOO  and  million 

for  goo 1-go go. 


Potential  to  .Satisfy  Future  Needs 

The  flood  control  program  presented  herein  would  reduce  the  pro- 
jected average  annual  damages  .*4.1  million  by  1980,  .*17. g million  by 
gOQo  and  •t.'56.6  million  by  POgo  at  an  estimated  installation  cost  of 
tlOg.O  million  for  the  period  1966-1980,  .tlgg.g  million  for  1981- 
gOOO,  and  .*64.6  million  for  gooi_?op^'i.  Estimated  annual  oyRR  costs 
for  the  1966-198''',  1981-gooo  and  gool-poge  portions  of  the  flood 
control  program  are  ^'0.79  million,  .*l.gi  million  and  .*0.91  million 
(See  Tables  10,  10a  and  10b.)  The  effect  of  the  potential  flood 
control  program  on  future  damages  is  shown  in  Table  8 and  graph- 
ically on  Figure  CC-1,  and  its  effect  on  flood  flows  is  shown  in 
Table  11. 
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General 

The  South  Coastal  Siibregion  extends  for  about  200  miles  along  the 
Pacific  Ocean  from  the  Mexican  border  on  the  south  to  the  northwestern 
boundary  of  the  Ventura  River  Basin.  The  subregion,  with  a maximum  width 
of  75  miles,  has  an  area  of  10,981  square  miles  and  comprises  the  drainage 
areas  of  nany  coastal  streams  flowing  into  the  Pacific  Ocean. 

The  subregion  rises  from  sea  level  to  the  peaks  and  ridges  of  the 
Tehachapi,  San  Gabriel,  San  Bernardino,  and  San  Jacinto  Mountains  and  the 
coastal  ranges  of  San  Diego  County.  The  coastal  plain,  about  1/3  of  the 
area  of  the  subregion,  slopes  gently  upward  from  sea  level  to  an  elevation 
between  500  and  800  feet  at  the  base  of  the  several  mountains.  On  the 
plain,  the  contiguous  drainage  areas  of  adjacent  streams  are  separated  by 
low  divides. 

In  general,  the  climate  of  the  coastal  basins  of  the  South  Coastal 
Subregion  is  mediterranean  - a subtropical  and  semlarld  climate.  Tempera" 
tures  are  moderate,  normally  with  small  daily  and  annual  ranges,  and  infre- 
quent freezing  on  the  coast.  Temperatxires  in  the  mountains  depend  on  alti- 
tude and  topography,  with  below-freezing  temperatures  occurring  at  times 
during  the  winter.  However,  variations  in  climate  are  wide,  ranging  from 
arid  desert-like  conditions  in  the  upper  reaches  of  the  Santa  Ana  drainage 
area  to  a mild  and  equable  climate  along  the  coast  in  San  Diego  County. 
Precipitation  falls  primarily  from  December  to  March,  inclusive.  It  ranges 
from  a mean  seasonal  minimum  of  about  10  Inches  on  the  coastal  plain  to  as 
much  as  45  Inches  in  the  mountains.  Snow  is  conrion  in  the  mountains  but  is 
rare  in  the  interior  valleys  and  on  the  coastal  plain. 

The  South  Coastal  Subregion  contains  over  one-half  of  the  state's  popu- 
lation in  less  than  seven  percent  of  the  state's  area.  It  had  an  estlimited 
population  of  9,910,000  in  1965.  Important  population  centers  are  the 
Ventura -Oxnard  area,  the  Los  Angeles-Long  Beach  area.  Orange  County  area, 
the  San  Bernardlno-Riverside  area,  and  San  Diego  County  area.  Because  of 
its  highly  desirable  climate  and  other  favorable  factors  such  as  transpor- 
tation and  harbor  facilities,  the  area  has  experienced  a very  intensive 
growth  in  population  and  Industry.  The  areas  economic  activities  are  diverse. 
Major  activities  include  agriculture,  finance,  mineral  production,  manufac- 
turing, and  foreign,  retail  and  wholesale  trade. 

Transportation  facilities  in  the  subregion  are  well-developed  and  ex- 
tensive. Highly  developed  Federal,  State,  and  county  roads,  highways,  and 
freeways  afford  ready  access  to  all  parts  of  the  subregion  except  for  some 
higher  mountain  areas.  The  road  system  also  provides  ready  access  to  adja- 
cent areas.  Rail  service  is  supplied  by  three  transcontinental  rail  lines. 
There  are  several  major  airports  serving  transcontinental  and  overseas  air 
lines,  while  a niimber  of  smaller  airports  connect  with  feeder  and  commuter 
air  lines.  Coastal  harbors  are  developed  for  all  craft  from  deep-draft  ocean 
vessels  to  small  recreation  boats. 


SC-1 


I 


The  subregion  nas  been  divided  into  study  areas.  These  are  dellnea" 
ted  on  Map  2 and  listed  in  the  several  tables,  liacn  study  area  includes 
the  named  najor  stream  and  also  minor  coastal  streams  flowing  directly 
into  the  ocean.  The  study  areas  are:  Ventura  diver  basin,  Santa  Clara 

Hiver  Basin,  Calleguas  Creek  Basin,  Malibu  coastal  streams,  Santa  Monica 
Bay  coastal  streams,  Los  Angeles  diver  Basin,  San  Gabriel  River  Basin, 
Santa  Ana  River  Basin,  Orang.e  County  streams,  Santa  Margarita  River 
Basin,  San  Luis  Key  River  basin,  San  Dieguito  River  Basin,  San  Diego 
River  Basin,  Sweetwater  River  basin,  and  the  OtayTijuana  Rivers  Basin. 

Some  48  urban  damage  centers  are  affected  by  floodflows  from  one  or 
more  of  these  streams.  Table  9 lists  the  communities  and  the  study 
areas. 

Additional  information  about  the  suoregion  can  be  found  in  Appendix 
II,  'The  Region". 

History  of  Klooding 

The  area  is  subject  to  sudden  and  severe  floods,  with  some  flood 
dama'e  occurring  in  most  years.  Most  floods  in  the  area  are  produced 
by  general  winter  storms,  usually  occurring'  from  December  to  March,  in" 
elusive.  Snow  Is  seldom  a factor  in  flooding.  Thunderstorms  occur  very 
infrequently  along  the  coast  and  usually  only  during  winter  months,  but 
are  not  uncommon  in  the  higner  mountains  at  any  time.  Thunderstorms 
cover  comfJaratively  small  areas  but  may  result  in  nigh~intensity  precipl" 
tation  for  short  durations,  usually  tnree  hours  or  less.  Flooding  may 
occur  from  these  storms. 

Information  about  floods  in  tne  South  Coastal  streams  begins  in  the 
diary  record  of  the  travels  of  the  Sj)ani3h  Mission  Fatners  between  San 
Diego  and  San  Francisco  in  1769"70.  Information  on  early  floods  is  in 
the  regional  section  of  tnis  aPiiendix.  These  early  records  are  not 
detailed  enough  to  determine  tne  magnitude  of  the  early  floods,  nor  are 
records  of  monetary  damage  available.  However,  these  records  are  extensive 
enou*;;h  to  indicate  tnat  flood  runoff  in  tne  many  streams  of  tne  sub" 
region  nas  periodically  submerged,  dama^?;ed  and  washed  away  crops,  res" 
identlal,  commercial  and  industrial  developments,  highways,  railroads, 
bridges,  and  utility  and  public  properties.  And  since  1914,  234  persons 
are  known  to  have  lost  tneir  lives  from  various  floods. 

The  extensive  flood  of  1938  provided  the  first  for  which  detailed 
damage  and  discharge  records  are  availaole.  It  caused  the  loss  of  87 
lives  and  damage  estimated  at  $78.6  million  Inundating  249,000  acres  in 
the  overflow  areas  of  the  streams  from  the  Tijuana  River  in  the  south 
to  the  Ventura  River  in  the  north. 

Large  floods  occurred  in  January  and  Febriiary  1969  resulting  in  the 
loss  of  103  lives  and  extensive  dama<',e  [articular ly  In  the  north  part  of 
the  subregion.  The  high  stages  on  three  streams  during  this  period  are 
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shown  In  Fhotos  SC~I,  SC“II  and  SC~III.  In  many  areas  the  flood  was  the 
most  severe  of  record.  The  damages  amount  to  $157.4  million  in  the  north 
part  and  $2.7  million  in  the  south  part  of  tne  subregion  (San  Diego  Covinty). 
Moderate  and  small  floods  have  occurred  frequently  on  several  stream  basins. 
A moderate  flood  causing  some  severe  local  damage  occurred  in  1943,  while 
small  local  floods  occurred  in  1940,  1945,  1952,  1954,  1956,  1957,  1958, 
1961,  and  1965. 

Emergency  flood  control  activities,  including  flood  fighting,  rescue 
work,  repair  of  existing  flood  control  facilities,  cleanliig  of  streams  and 
emergency  bank  protection,  amounted  to  !fe559,000  through  1965.  About 
$2,500,000  was  expended  on  emergency  restoration  work  to  public  facilities 
after  the  November “December  1965  floods.  Damages  from  significant  floods 
in  the  subregion  are  tabulated  below  and  are  shown  in  detail  in  Tables  1 
eind  2. 


Flood  of 

Total  damages 

Acreage  Inundated 

1916 

$10,981,000 

96,500 

1938 

78,600,000 

248,900 

1965 

5,005,000 

5,000 

1969 

160,140,000 

203,000 

The  damag.es  shown  are  based  on  prices,  and  project  and  economic  conditions 
at  time  of  occurrence  of  the  flood. 

Peak  flows  of  maximum  floods  of  record,  100-year  floods  and  standard 
project  floods  for  selected  stations  in  the  subregion  are  shown  in  Table  11. 

Present  Status  of  Flood  Control  Improvements 

An  extensive  flood  control  system  has  been  developed  in  this  subregion. 
Concentrated  generally  in  three  river  basins— Los  Angeles,  San  Gabriel  and 
Santa  Ana““lts  accomplishments  have  been  substantial,  functioning  effec- 
tively to  reduce  flood  dt. mages.  (See  Map  3).  The  existing  flood  damage 
reduction  measures,  whicn  provide  flood  protection  to  about  three-quarters 
of  the  area  subject  to  flooding,  include  flood  forecasting,  flood  control 
storage,  levees  and  cnannels,  floodwater  detention  and  debris  control  struc- 
tures and  watersned  treatment.  Part  of  the  improvement  provides  protection 
to  urban  areas  from  discnarges  of  100-year  or  greater  flood  magnitudes, 
whereas  most  trioutary  stream  improvements  provide  only  50-year  protection 
or  less.  In  agricultural  areas  improvements  provide  protection  generally 
for  10  to  50-year  magnitudes. 

River  and  flood  forecasting  service  is  provided  by  the  Federal-State 
River  Forecast  Center  in  Sacramento.  Although  no  direct  forecasts  are  pre- 
pared by  the  Center,  advisory  service  is  provided  the  county  flood  control 
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offices  In  developing  flash  flood  forecast  procedures  for  their  use. 

The  Los  Angeles  County  Flood  Control  District  provides  river  and  flood , 
forecasts  for  the  county.  Federal  and  State  agencies  and  comty  flood 
control  district  personnel  actively  engage  in  emergency  operation  pro- 
grams at  the  time  of  possible  flood  overflow.  River  and  flood  fore- 
casting points  are  shown  on  Map  4. 

Existing  flood  control  reservoirs  in  the  subregion  supply  a total 
of  438,000  acre-feet  of  storage.  Reservoirs  are  listed  in  the  following 
tabulation  and  shown  on  Map  3, 


Study  area 

Reservoir 

: Stream  : 

Flood  : 

control  ; 
capacity  : 
(ac.-ft.  ) : 

Drainage 

area 

(sq.  miles) 

Los  Angeles  River 

Basin 

Devils  Gate 

Arroyo  Se^o 

2,700 

32 

Big  Tujunga  ^1 

Big  Tujunga  Wash 

4,100 

82 

Hansen 

Tujunga  Wash 

32,000 

147 

Sepulveda 

Los  Angeles  River 

17,300 

155 

Lopez 

Pacoima  Creek 

200 

34 

San  Gabriel  River 

Basin 

tuddingstone 

Walnut  Creek 

n,2co 

32 

San  Dimas 

San  Dimas  Creek 

1,000 

16 

Cogswell 

San  Gabriel  West 

Fork 

10,700 

39 

Santa  Fe 

San  Gabriel  River 

33,400 

231 

'•Whittier  Narrows  San  Gabriel  River 

36,200 

554 

Brea 

Brea  Canyon  Creek 

4,100 

23 

Carbon  Canyon 

Carbon  Canyon 

Creek 

7,000 

19 

Fullerton 

Ptillerton  Creek 

700 

5 

Santa  Ana  River 

Basin 

San  Antonio 

San  Antonio  Creek 

9,300 

27 

t rado 

Santa  Ana  River 

219,000 

2,264 

Sycamore 

Sycamore  Creek 

1,200 

15 

Santiago 

Santiago  Creek 

25,000 

63 

Villa  Park 

Santiago  Creek 

15,600 

83 

San  Luis  Rey 

River  Basin 

Dixon 

Escondido  Creek 

400 

4 

These  projects  are 

snown  on  Map  3, 

Hansen  Reservoir  is  shown  in 

Photo  SC -IV 
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Flood  dnmngc  .ilonfi  Sontiofio  Crock  in  Santa  Ana,  February  1969. 
( Or  an  ko  County  Ro  fi  i s t c r Photo.  ) 

PHOTO  SC- I 


Flood  dama/lr  a I on  ft  R i fi  Tujun^a  W.i.sh,  Los  Ankolcs,  February  19^9 
( K TLA  Telecopter  P ho  t o by  H.i  r o I d ¥or  by  . ) 

PHOTO  SC  n 
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Improved  chnnnvl,  Lof;  An^rlo^  Rivor  ,i  t 
Los  Anf^clrs  during  fonu.irv  / 9^  9 flood 


Los  Ft-Iiz  Boulevard  bridge 
(Los  Angeles  Times  Photo. 


PHOTO  SC- III 


Hnns  en  F I ood  Control  Reservoir  on  Tti  i un  ^ a M ,*?  s />  , s /j  o u- 1 n d i sc  ha  r fie 
rlurinfi  February  1969  flood.  (Corps  of  Engineers  Photo.  ) 


PHOTO  S('-TV 


A number  of  otner  reservoirs  in  tne  subregion  do  not  have  flood  control 
as  a designated  function.  Some  of  these  provide  incidental  flood  control 
storai^e  which  at  times  can  be  significant. 


Reservoir 

: Stream 

: Construction  Agency 

Lake  Hodges 

San  Diegulto  River 

City  of  San  Diego 

San  Vicente 

San  Diego  River 

City  of  San  Diego 

El  Capitan 

San  Diego  River 

City  of  San  Diego 

Sweetwater 

Sweetwater  River 

Calif or nia"Amer lean  Water  Company 

Lower  Otay 

Sweetwater  River 

City  of  San  Diego 

Barrett 

Cottonwood  Creek 

City  of  San  Diego 

Morena 

Cottonwood  Creek 

City  of  San  Diego 

Rodriquez* 

Tijuana  River 

Mexico,  D.  F. 

* In  Raja,  California. 


An  important  element  in  the  existing  flood  control  system  for  tnls  sud- 
region  is  the  extensive  levee  and  ciiannel  system.  The  levee  and  cimnnel 
system  consisting  of  114  miles  of  levee  and  2,202  miles  of  ciiannel,  results 
from  tne  joint  effort  of  Federal  and  local  at',encies.  Supplementing  this 
system  are  90  debris  storage  and  flood  water  detention  basins  providing 
7,218  acre-feet  of  storag,e  and  2,lo4  acres  of  percolation  beds  for  ground 
water  recriarge.  The  Federal  portion  of  this  system  generally  affords 
protection  from  a l*in“100  year  flood  to  standard  project  flood.  The 
local  at',encies  works  wnicn  are  generally  along  tributaries  to  main  streams 
supplements  the  Federal  works  and  affords  protection  ranging  from  i~in~2 
year  to  l-ln"50  year  flood.  In  the  Los  Angeles  County  draina*:e  area  tne 
Federal  first  cost  amounts  to  $380  million  (1970)  wnereas  local  interests 
have  spent  about  $868  million  (1970)  for  the  required  non“Federal  coopera" 
tlon  and  for  projects  described  above  as  supplemental,  'data  concerning  tne 
existing  (1965)  levee  and  ctiannel  projects  are  in  Table  7. 

The  Buena  Vista  and  Calleguas  Creek  watersned  protection  projects  nave 
functioned  effectively  and  provide  excellent  examples  of  comprehensive  water" 
shed  projects  wherein  both  structural  and  non"structural  measures  combine 
to  provide  needed  flood  i^rotection  wnile  reducing  erosion  and  sediment  pro" 
duction.  Additional  effort  will  be  necessary  throughout  the  subregion  to 
complete  needed  facilities  of  a comparable  nature. 

The  Flood  i lain  :^na.'ement  dervices  rrogjam  is  explained  in  detail  in 
the  -cgional  dammnry  of  tnis  api^endix.  No  flood  plain  Information  studies 
nave  been  completed  in  tne  South  Coastal  Subregion  prior  to  1965  and  no 
flood  nanard  rej  orts  .lave  been  requested  prior  to  that  time. 


SC -5 


The  accompli  shoe  fits  of  the  existing  flood  control  developments  riave 
been  substantial.  The  system  has  functioned  effectively  to  reduce  flood- 
flows  and  to  reduce  flood  damages.  From  their  completion  date  to  1965, 
existing  reservoir,  levee,  and  channel  projects  have  prevented  damages 
estimated  at  $327  million.  During  the  January-rebruary  floods  in  1969, 
$900  million  in  damages  were  prevented  in  Los  Angeles  County  drai'.'-^e 
area  alone.  Average  annual  damages  prevented  by  the  system  in  the  sub” 
region  exceed  $30  million.  Additional  details  are  included  in  Table  2. 

As  beneficial  as  the  present  flood  control  system  rias  been,  flood 
problems  still  exist.  The  problems  are  especially  serious  in  the  oanta 
Clara  Klver,  lower  Calleguas  Creek,  Santa  Ana  River  Basin,  and  in  several 
basins  in  San  Diego  County.  A large  part  of  the  flood  damages  occurring 
in  tne  svibregion  result  from  inundation  of  urban  properties.  These 
damages  are  sometimes  compounded  by  high-velocity  flow  and  by  deposition 
of  sediment  from  upstream  sheet  and  gully  erosion.  Flooding  also  occurs 
from  standing  water  in  poorly  drained  urban  areas. 

Streambank  erosion  in  the  subregion,  while  not  as  widespread  as  other 
forms  of  land  erosion,  is  a serious  problem.  Streambank  erosion  occurs 
trrincipally  d'-iring  winter  rainstorms  particularly  those  which  cause  short- 
duration,  high-velocity  flows.  A total  of  5,200  miles  of  streambanks 
^lave  an  erosion  problem,  740  miles  of  which  are  considered  seriofis. 
Approximately  $ “00,00;'-  a year  is  lost  in  direct  land  damage,  and  over 
$300,000  by  downstream  deposition  of  streambank  sediment.  As  the  demands 
upon  land  continue  to  grow  througnout  the  subre^-ion,  erosion  and  sedi- 
ment damaa-.es  are  expected  to  become  more  severe. 

There  is  a continuing  land  treatment  program  in  the  upstream  water- 
shed areas.  However,  a serious  problem  exists  in  this  subregion  relat- 
ing to  brush  fires  and  the  aftermaoh — soil  erosion.  Soils  are  i^re- 
domlnantly  fine  grained  throughout  the  subregion.  Denuding  by  fire  of 
the  steep  terrain  creates  potential  for  movement  of  soil  mantle  during 
neavy  rains.  The  sediment  produced  under  such  conditions  contributes 
greatly  to  the  downstream  damages  previously  discussed. 

The  aforementioned  flood  problems  have  resulted  in  average  annual 
damages  as  follows; 


: Kstlmated  Average 

Study  Area : Annual  Dajiages  ($1,000)  JJ. 


Ventura  River  Basin 

346 

Santa  Clai-a  River  Basin 

2,068 

Callegms  River  Basin 

1,105 

Malibu  Coastal  Streams 

144 

Santa  Monica  Bay  Streams 

1,255 

Los  Angeles  River  Basin 

1,546 

San  Gabriel  River  Basin 

1,665 

Santa  Ana  River  Basin 

9,475 

Orange  County  Streams 

148 

Santa  Margarita  River  Basin 

790 

San  Luis  Rey  River  Basin 

929 

San  Dlegulto  River  Basin 

663 

San  Diego  River  Basin 

1,184 

Sweetwater  River  Basin 

248 

Otay-Ti Juana  Rivers  Basin 

144 

Total  South  Coastal  Subregion 

21,710 

1/  Based  on  1965  prices,  economic  conditions,  and  project 
conditions. 

Additional  details  are  contained  in  Tables  3,  4,  and  9.  Major  urban  damage 
centers  and  areas  of  the  subregion  subject  to  flooding  are  shown  on  Map  4. 

Future  Needs 

Flood  damages  will  be  greater  in  the  future  with  no  additional  flood 
control  improvements,  because  of  the  anticipated  increase  in  urban  devel” 
opraent  in  the  munerous  flood  plains  of  the  area.  Recent  new  developments 
and  the  continuing  urban  expansion  of  the  area  will  greatly  increase  the 
value  of  property  subject  to  overflow  and  dama^’.e  by  floods.  The  population 
of  the  South  Coastal  Subregion  is  projected  to  Increase  from  9,910,000  in 
1965  to  13,895,000  in  I960,  19,200,000  in  2000,  and  23,771,000  in  2020  (base 
plan  r^rojectlons).  Floodways  pass  through  seme  of  the  most  intensively 
developed  urban  areas  in  the  United  States  and  through  highly  developed 
»u.t1 cultural  areas.  An  examination  of  current  flood  problems  Indicates  that 
% ’'’•■cber  of  additional  flood  control  measures  are  needed  to  provide  at  least 
-•/ear  flood  protection  to  the  developing  urban  areas  and  10-year  to  50- 
'■ar  protection  to  the  remaining  agricultural  areas.  Table  5 indicates 
, - -n.  ann'jal  flood  damag.es  may  be  expected  to  Increase  from  $21,7  million 
t $39.0  million  by  1980,  $82.2  million  by  2000,  and  $185.9  million 
-i-  !•■  no  acidltlonal  flood  control  measures  are  provided  after  1965. 

.■  ..-irir.ts,  average  annual  damages  in  \irban  centers  are  expected  to 
■ -r  V.6  million  in  1965  to  $14.7  million  by  1980,  $31.0  million 
• '.'>••  *'  ,,2  million  by  2020.  Estimated  damage 'data  for  existing  and 

; . '.o  »ire  contained  in  Tables  5 and  9a.  , 


SC -7 


Measures  Required  to  Satisfy  Future  KeeJ.i 


Improved  flood  forecasting  will  be  an  important  part  of  the  flood  con- 
trol program.  The  operation  of  flood  control  projects  can  only  be  assured 
by  a well-coordinated  system  of  forecasting  and  project  operation.  Although 
the  Los  Angeles  County  Flood  Control  District  handles  the  flood  forecasts 
for  that  c unty,  areas  in  Ventura,  Orange,  San  Diego,  San  Bernardino  and 
Riverside  Counties  will  need  flood  forecast  services.  An  adequate  hydro- 
logic  data  telemetering  network  will  have  to  be  developed  before  much  work 
can  be  done  on  flood  forecasts  because  of  the  flashy  nature  of  the  stream- 
flow  and  the  short  duration  of  runoff.  Additional  f3ood  forecast  points 
needed  are  shown  on  Map  4.  The  estimated  costs  of  the  required  improvements 
to  the  flood  forecasting  system  are  $1.5  million  for  the  1966-1980  period, 
$1.2  million  for  1981-2000  and  $0.8  million  for  2001-2020. 

Additional  flood  water  storage  in  reservoirs  and  detention  basins  needed 
in  the  future  amounts  to  557,000  acre-feet.  Details  are  shown  in  tne  fol- 
lowing tabulation: 


Detention  structure  : 

: Flood  : 

Study  Area  - : 

Or  : 

: control  :Drainage 

time  frame  in: 

reservoir  : 

: capacity:  area 

which  needed  : 

:(ac.“ft. ):(sq.  mi. ) 

Santa  Clara  River  Basin 


1981-2000  Detention  structures  (3} 

Various 

2,000 

10 

2001 -2020  Topatopa 

Sespe  Creek 

75,000 

180 

2001-2020  Cold  Springs 

Sespe  Creek 

12,000 

108 

Calleguas  Creek  Basin 

1981-2000  Calleguas 

Arroyo  Conejo 

16,000 

65 

Malibu  Coastal  Streams 

1981-2000  Detention  structures  (9) 

Various 

5,000 

10 

San  Gabriel  River  Basin 

1981-2000  Detention  structures  (15) 

Various 

7,000 

14 

Santa  Ana  River  Basin 

1966-1980  th'ado 

Santa  Ana  River 

238,000 

2,264 

1966-1980  Detention  structures  (13)  Various 

18,000 

140 

1981-2000  Salt  Creek 

Salt  Creek 

5,000 

10 

1981-2000  Detention  structures  (21)  Various 

18,000 

126 
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Study  Area  - 
time  frame  in 
which  needed 

Detention  structure 
or 

reservoir 

• • 

• • 

: Stream  : 

• • 

• * 

: : 

Flood  : 

control  :Drainage 
capacity : area 

'ac.-ft. ):(sq.  mi. ) 

Orange  County 

Streams 

1981-2000 

San  Juai'  Creek 

San  Juan  Creek 

30,000 

106 

1981-2000 

Detention  structures 

(3) 

Various 

1,000 

30 

Santa  Margarita  River  Basin 

1981-2000 

Deluz 

Santa  Margarita 

River 

13,000  1/ 

705 

San  Luis  Rey  River  Basin 

1981-2000 

Monserate 

San  Luis  Rey 

River 

6,000 

373 

1981-2000 

Detention  structures 

(6) 

Var lous 

6,000 

35 

San  Dieguito  River  Basin 

1966-1980 

Detention  structures 

(3) 

Various 

2,000 

.13 

1981-2000 

San  Dieguito 

San  Dieguito 

River 

92,000 

303 

2001 -2020 

Detention  structures 

(2) 

Various 

3,000 

18 

San  Diego  River  Basin 

1966-1980 

Detention  structure 

No  name 

1,000 

3 

1981-2000 

Detention  structures 

(4) 

Various 

2,000 

15 

Sweetwater  River  Basin 

2001 -2020 

Detention  structures 

(5) 

Various 

1,000 

7 

Otay-Tijuana  Rivers  Basin 

2001-2020 

Detention  structures 

(8) 

Various 

6,000 

83 

Total 

557,000 

\j  Recent  studies  indicate  that  the  13,000  may  be  increased  to  as  much  as 


40,000. 

None  of  the  reservoirs  or  detention  structures  listed  above  will  be  com- 
pleted or  under  construction  during  the  period  1965-1970.  The  reservoirs 
are  shown  on  Map  3 and  additional  details  are  contained  in  Table  6.  Esti- 
mated costs  for  additional  flood  control  capacity  amount  to  $92.3  million 
for  the  1966-1980  period,  $147.5  million  for  1981-2000  and  $34.6  million 
for  2001-2020. 
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Construction  of  the  above  reservoirs  would  only  partially  control  the 
flood  problem.  A large  part  of  the  damages  occur  along  other  tributary 
streams  and  water  courses  where  available  reservoir  sites  do  not  exist. 
Thus,  a futxnre  plan  consisting  of  134  miles  of  levee  and  586  miles  of 
channel  is  considered  necessary  (see  Table  7 and  Map  3).  These  levee  and 
channel  improvements  would  in  some  instances  supplement  the  proposed 
reservoirs  ajrxi  detention  structures,  and  in  other  Instances  would  provide 
protection  independently.  Studies  indicate  that  major  levee  and  channel 
work  is  desirable  in  the  following  areas  of  the  South  Coastal  Subregion: 


Study  area/ time  frame 
in  which  needed 

• 

Levees 

(Bank  Miles) 

Channels 

(Miles) 

Ventura  River  Basin 

1966-1980 

0 

5 

1981-2000 

0 

10 

2001 -2020 

0 

2 

Santa  Clara  River  Basin 

1966-1980 

22 

28 

1981-2000 

12 

12 

2001 -2020 

0 

7 

Calleguas  Creek  Basin 

1966-1980 

0 

17 

1981-2000 

0 

18 

2001-2020 

4 

30 

Malibu  Coastal  Streams 

1981-2000 

0 

4 

2001-2020 

0 

3 

Santa  Monica  Bee/  Stream 


1966-1980 

0 

6 

1980-2000 

0 

7 

2001-2020 

0 

5 

Los  Angeles  River  Basin 


1966-1980 

0 

6 

1981-2000 

0 

16 

2001-2020 

0 

8 

San  Gabriel  River  Basin  1/ 
1966-1980 

0 

53 

1981-2000 

0 

20 

2001-2020 

0 

3 
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study  area/time  frame 
In  which  needed 


Levees 
(Bank  Miles 


Ciiannels 
(Miles ) 


Santa  Ana  River  Basin 


1966-1980 
1981-2000 
2001  -2020 


Oranf.e  County 
1981-2000 
2001-2020 


Streams 


Santa  MaxKarita  River  basin 

1981-2000  0 1 

2001-2020  0 4 

San  Luis  Key  River  Basin 

1966-1980  11  10 

1981-2000  0 9 

2001 -2020  0 3 

San  PieKuito  River  Basin 

1966-1980  0 8 

1981-2000  0 5 

2001-2020  0 2 

San  Dief:o  River  Basin 

1966-1980  3 8 

2001-2020  0 2 

Sweetwater  River  Basin 

1966-1980  0 3 

1981-2000  0 2 

2001-2020  0 4 

Otay-Ti Juana  Rivers  Basin 

1966-1980  _0  _5 

Total  134  588 


Under  construction  or  funded  for  construction  by  KY  1970. 

The  approximate  location  of  levees  and  channels  are  shown  on  Map  3 and  addi' 
tional  details  are  Included  in  Table  7.  Of  the  amounts  shown  in  the  above 
tabulation,  5 miles  of  cliannel  in  the  Los  An^reles  River  Basin  and  44  miles 
of  channel  in  the  San  Gabriel  River  Basin  will  be  completed  or  under  con- 
struction in  the  f)erlod  between  1965  and  1970.  The  estlnated  costs  for 
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required  levee  and  c.'iannel  vork  are  $<kd6.6  million  for  tne  1966”1960 
period,  $219.1  million  for  1981-2000,  f-nd  $169.2  million  for  2001-2020. 

Structural  measures  will  be  complemented  by  land  treatment  practices. 
Tne  most  frequently  needed  practices  witnin  this  subrei/ion  are:  fire 

prevention  and  suppression,  brusn  control,  critical  EU'ea  seeding/,  and 


debris  basins.  See  Map 
mated  costs  and  acres 
Ized  below. 

3 for  potential  watersned  project 
watershed  land  treatment  measures 

areas,  tstl- 
are  summai — 

land  Treatment 

1966-1980 

1981-2000 

2001-2020 

Thousand  acres 
Tnousand  dollars 

81 

7,800 

247 

17,900 

152 

10,800 

r'lood  plain  information  reports  will  be  an  important  adjunct  to  the 
overall  flood  control  profnram.  Porty-eiglit  urban  centers  in  tne  sub” 
rei-ion  ::ave  known  significant  flood  problems.  These  centers  are  listed 
In  Table  9 and  are  snown  on  "ap  4.  Many  communities  with  expanding 
populations  are  expected  to  nave  flood  problems  in  the  future  and  will 
cc  studied  as  tneir  needs  are  made  known.  From  1965  to  June  1968  five 
flood  plain  information  reports  were  completed  in  tne  subregion.  It 
is  anticipated  that  flood  plain  information  reports  for  all  the  commun- 
ities affected  will  be  completed  before  tne  year  2000.  Also,  from  1965 
to  June  1968  sixty-three  flood  hazard  reports  were  completed  for  both 
Federal  and  non-Federal  agencies,, 

Non-structural  measures  of  flood  plain  management  will  become  a 
(treater  part  of  community  planning  in  the  5outh  Coastal  Subregion  because 
of  existing  and  anticipated  flood  problems  not  only  in  the  present  urban 
centers  but  also  in  the  communities,  now  small,  which  will  become  future 
urban  centers.  Measures  adopted  will  be  primarily  zoning  and  flood 
proof  in.’:,  ^-tost  areas  witnin  the  subregion  have  the  potential  for  some 
reduction  in  damages  attributable  to  tnese  measures  and  about  230  miles 
are  suitable.  See  t<fep  3 and  Table  9b  for  principal  areas  where  non- 
structural  flood  plain  manag^ement  measures  are  proposed. 

Costs  for  future  non-structural  flood  plain  management  measures  are 
estimated  at  $32.9  million  for  the  1966-1980  period,  $39.9  million  for  the 
1981-2000  period,  and  $55.0  million  for  the  2001-2020  period.  The  effect 
of  the  potential  flood  control  plan  on  future  flood  damages  is  presented 
next.  Additional  details  are  Included  in  Table  8 and  9b. 

Potential  to  Satisfy  Future  Needs 

The  flood  control  program  presented  herein  would  reduce  the  pro- 
jected average  annual  damages  $19.3  million  by  1980,  $65.4  million  by 
2000,  and  $171.4  million  by  2020  at  an  estimated  installation  cost  of 
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million  for  the  period  1966-1980,  $425.6  million  for  1981-2000, 
and  $270.4  million  for  2001-2020.  Estimated  annual  ONfcK  costs  for  the 
1966-1980,  1981-2000  and  2001-2020  portions  of  the  flood  control  program 
are  $3.21  million,  $5.27  million  and  $4.03  million  (See  Tables  10,  10a 
and  10b).  The  effect  of  the  potential  flood  control  program  on  future 
dama>^es  is  snovn  in  Table  8 and  graphically  on  Figure  SC-1 , and  its  effect 
on  floodflows  is  shown  in  Table  11. 


BASE  PLAN 


I I Oomoge  Reduction  due  to  2001*2020  Flood  Control  Progrom 

I I Oomoge  Reduction  due  to  i98i  * 2000  Flood  Control  Program 

I | Domage  Reduction  due  to  1966*1900  Flood  Control  Progrom 

, , _ j „ CALIFORNIA  REGION 

L. 1 ttetiduol  Oomoge  COMPREHENSIVE  FRAMEWORK  STUDY 

PROJECTED  AVERAGE  ANNUAL  FLOOD  DAMAGES 

(1965  PRICES  AND  PROJECT  CONDITIONS-DATA  FROM  TABLES  548) 
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FIGURE  SC-1 
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N.A. 

N.A. 

0 

0 

0 

0 

0 

1 Ji. 
9C 

la? 

0 

0 

229 

0 

0 

0 

0 

307 

153 

2 

0 

0 

1,631 

Q 

0 

0 

c 

8,975 

541 

5 

1,529 

270 

3,472 

753 

0 

33 

167 

10,650 

2,764 

1,113 

1,4.4 

2,190 

25,564 

4,501 

1,222 

2,966 

2,627 

5a.'i  ^a.''rlc;.  l*tv»*r  basin 

t loo 

Mar3U 

i:-,7dc 

Art'-sla 

6.3 

0 

l4^.' 

88 

561 

1,12-' 

1,978 

601 

6,714 

‘^^-56 

3,610 

5.0 

0 

C 

0 

1 , '54 

l4 

4,743 

369 

225 

7,085 

Jan69 

KrteS 

: 1,800 
11,200 

N .A . 
N.A. 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

919 

188 

36 

e 

1,609 

599 

2,564 

795 

Santa  Aji/»  Rlv*r  .'aslr. 

near  Arlln^rton 

v'an-r 

v'ar.4S 
?i;  v6b 
-•ar.69 
F-b69 

4_,:oo 

I0o,i»,7 

>*,4JC 

2b,4.Y) 

35.000 

34.000 

80.0 

17S.0 

45.0 

5.0 

S.A . 

0 

0 

0 

0 

0 

0 

35 

45 

25 

23b 

0 

0 

0 

0 

0 

0 

0 

0 

7S0 

2,X 

150 

Ml 

4,825 

7,325 

44. 

1,205 

140 

0 

0 

2,1X3 
5,736 
45C 
44  ) 
6,569 
13,737 

680 

1,655 

cOC 

570 

9,275 

3,841 

3,60C 

9,916 

900 

3,660 

13,4^ 

17,190 

7,615 
20, 757 
1,665 
5,005 
56,131 
5:  ,093 

*'?•*.*.  Hjl: -AT  Jttj  i^»v«»r 

lajlr. 

YaHora 

<■  ar.>b 

?’-T  btj 

66,ciOi. 
3 . , 

lV,2'Xi 

4.5 

3.0 

N.A. 

12 

e 

25 

0 

80 

23 

€0 

?■' 

0 

60 

20 

16 

0 

0 

652 

3 

230 

20o 

15 

1,381 

1,069 
99 
1,62  7 

'■‘H  Luis  K'*y  bivtr  .KSln 

0C‘rtL-.al> 

.'an  - 6 

‘larS** 

botfO 

95,euC 
1'  ,:■•>. 
■,\jOO 

<*.0 

1.0 

N.A. 

* 

It) 

15 

200 

50 

0 

0 

0 

30. 

2? 

0 

9C. 

165 

kOC 

6 

70 

3X' 

25 

227 

1,029 

189 

46: 

:'uu.  D1  oIv.»r  :-asln 

Sv.te« 

.‘a;- 6 
tf.py 

7C,?0C 

4 ,4  0 

2.0 

!.■' 

0 

0 

0 

0 

2C 

5 

0 

C 

3-X 

66 

2 Jo 
S' 

45 

6 

565 

lie 

•<vh- vnr«T  blv»T  b-ufln 

SvT-rttrfHter 

Jar.l6 

F-nJ-T 

47,6iX 

35,90 

1.0 

.5 

0 

0 

18 

13 

0 

0 

0 

c 

100 

0 

0 

85 

10- 

5 

200 

10 

416 

1:3 

?1J  iatto  H1v*t  baaln 

NesV'r 

Ja.'il6 

MW.W 

75,001' 

6,76C 

5.0 

4.0 

□ 

0 

65 

IS 

50 

0 

5C 

0 

la' 

0 

0 

0 

0 

0 

0 

64 

265 

79 

r«ti4  ra«*  i on  ;.Tlci*e  ar.1  ^ToJe«'t  eeoncisjc  ^.ndiuon*  at  tine  ocrurr«*r.ce 
S.f  , • N.7t  Aval  la?  le 


'un^  IP' I 


tabu:  2 


hb«e  ^ ia/i 


SOOTH  COASTAL  SUBHffilCK  OT  THE  CALIEOfWU  StCIlW 
Floud  Danner  1 


Study  area 

~riooJ 

location/ 

2 

(cfa) 

S 

Actual 

: 

pricea  3 ’ 

: teaa«(e  prevented 

i by  196r  projceta 
: 5/ 

River 

Santh  .'lara  River  rualn 

J*ir5S 

Jan69 

Ventura 

39,?0C 

54,900 

1,55P 

1,552 

14,000 

0 

3,000 

1,670 

8,80'.' 

11,6.0 
1 1 ,20l' 

^ r 

9,950 

r,400 

}iu-3a 
Feb  69 

:>4kT.ta  Hor.lcii  I-a.’.  StjeH-r-n 

1 >5,o00 
165,000 

Culver  City 
19,000 

1^8  Anttelea 
67,vX)0 

4,600 

25,614 

4,600 

6\6I4 

0 

38,000 

14,600 

20,000 

27,0a 

50,00C 

13,00C 

30,000 

1)*  Ar^Kele^  River  rmie 

HirSa 

5,014 

5,014 

0 

1,150 

49,250 

46,500 

iian  :Rirlrl  R!v*»r  I-KSln 

25,564 

c'5,5€4 

0 

5,900 

250,901 

245,000 

Sart*  Ana  River  ba.-'lr. 

MarSti 

>tirM 

Marie 

2.?,70v 

3,610 

near  ArJlnirton 
10L',lXX1 

6,714 

7,085 

20,757 

6,724 

7,085 

20,757 

0 

0 

0 

2,560 

1,000 

3,4(X.' 

65,36c 

69,000 

100,40C 

62,600 

66,000 

97,000 

•^n»o  Ptvrr 

■l”*"  Y»Hora 


v’ar.16 

66,500 

Feb69 

19,200 

1,627 

3a".  lula  Rc'.  RIv-t  :a'j 

Ir. 

Oceof'ASl.le 

Jar.l6 

95,«hX’ 

1,029 

Feb  69 

11, .5 

46l 

3ar.  Dle^  River  aaaln 

Sant'-e 

Jar.16 

70,20c 

565 

3veetwat.~  River  . afllf; 

Svet'tWBtei 

/anl6 

47,600 

416 

T1  ' jciB  Rlv-r  basin 

Re8t-.)r 

'taxlrnua  f.?r  w 

Ja/vl  6 
’kle.".  lat 

75,000 

a are  S'xl.n5  >. 

res 

,089 

,627 

0 

0 

6,oa' 

1,300 

6,OOC 

1,3'>.'' 

0 

0 

,029 

462 

0 

0 

7,200 

570 

7,200 

370 

0 

c 

565 

0 

7,500 

7,30C 

0 

416 

0 

3,0OC 

5,800 

0 

265 

0 

1,760 

1.76C 

0 

5 


r 


:ii,  a.iini'MA  Kb 


r'luoJ  ftT 

l..e  l^X  “Ve-ikT  r rf4-fr.f>  flc»j>3  ^ 
: .r  ] ‘jir«  BT-s 


TAfaLi-  b 


I 6»' 


ClA^AL  b'JtXiDIi'N  0/  THL  Cid.lF.KSiA  HVJGKN 

i^iBnry  of  EstlaiHlfi  AvfrMfjP  Atinual  KliXJ  for  t r 

&n.J  Kuturr*  C>;>ivlltls>ns  of  i’conoolc  Dev.  I .wnt 
vita  flood  Cor.txol  hteus^ires 


■ 


TAbLi.  6 

iiCin'H  CiA3Tkl  r.UBR.*«llK  (F  THfc  CALIrtHMA  HffiKN 

tJunmnry  of  Flood  Conirol  Cajeclty  for  Hxlstln^ 
RTkl  Future  Heservolra 


vtu.Jy  ar-a 

, r > 'fcts  ' 1 . 

: . ro^'ects  1966-.  b8C  : 

i.  : 2 : 

Total  projects 

as  of  . JS'u 

Ventura  Hlver  raal-. 

0 

0 

0 

0 

C 

Svth  -lorH  .tlver  j’a  ln 

0 

0 

2 

07 

89 

Jallevuis  reex  I-asln 

0 

0 

16 

C 

•-6 

-iUJtal  Stretvus 

0 

0 

3 

0 

3 

'•ar.ta  ’•tnloi.  .v.  Str-e_-^* 

0 

0 

0 

0 

0 

^s  An*;e.e"-  ^Iver  laslr 

5u 

0 

0 

0 

o6 

Sar.  lairlel  Slvrr  I'asln 

110 

0 

7 

0 

117 

’ar.ta  Aru»  Piver  i'asln 

2T. 

?S6 

23 

0 

55C 

Ya:.»e  ' -untv  ;5tr'*a.v. 

0 

0 

31 

0 

31 

iiaiita  '-%4r»arlt£i  Mv*t  basin 

0 

0 

13l' 

0 

13 

San  l.uis  Fe-.-  Plver  basin 

0 

12 

0 

13 

Sar.  CltiTult.  hlv'-r  basin 

0 

2 

92 

3 

97 

ffu  Elr,-  Hlver  bai’lr. 

0 

1 

2 

0 

3 

!-'’ftuntrr  hlv'*r 

0 

0 

0 

-r... -Tt  ‘.uv'ji  Hl-.-r.T  barl; 

P 

0 

0 

6 

6 

— 

— 

— 





T'tnl  South  '.astal  ful  region 

4-Sm 

259 

201 

97 

995 

yMi-’.iSt  fl  •!  oontr.l  oa;aolty. 

rvt  Inc 

jlr  surohuirwe  st  -ra«<«- 

xily  reservoirs  controlllr^  t;.**  A -year  fl»l,  ir  ^etter,  at  tfie  ,ia=slt 
. ’-year  flo^l  at  *:ie  la'i^lte  v.rre  ^r.l/  rural  arras  are  V**  j-Toteoi"!. 

Rpcent  atudl»»  IrvUrat^  tr*t  the  my  h*  1ncr»a#el  to  a«  such  as  4'  . 


ve  urVa;.  areas  ai.3  reserv.  Irs  controlllr.rf  at  least  the 


i .June  I97J 

i 

l 


! 


AD-A0<*2  196  CALIFORNIA  REGION.  FRAMEWORK  STUDY  COMMITTEE  F/6  8/6 

COMPREHENSIVE  FRAMEWORK  STUDY.  CALIFORNIA  REGION.  APPENDIX  IX.  — ETC(U) 
JUN  71 

UNCLASSIFIED  NL 


tabu:  7 


i-nse  i Ian 


SC'UTH  aASTAL  f.'Ja<flCICS  OF  THE  CAIIFOKSIA  B.-CItN’ 

lioraary  if  l/tvec  aiki  Charjiel  Flo>3  Jrotretion  } rojeet* 
■ iixlatlfv  ar»1  Future  ■ 


Tctal  Siuth  Coftstal 

su-re.lon  1.4  40  ir44  S?  006  V 156  ^46  2,790 


i.*as<r  Flan 


TAhll.  P 

SiX-TH  CC^wSTAL  SiajRHilON  OK  THI-;  CAIIFOHNIA  HHUoN 

Kntlcrfiti'J  fi.v^rtkf'v  Arjiual  Flood  l>tuui^e  and  Oitniarffp  ht^luetlon 
“ r*'9er.t  a;v3  Fut’oru  Kconv'jmlc  CotMlltl-me  " 


9 


hb0«  I L«n 


Sooth  si'iiHUJicw  of  the  caufoknia  wallow 

Estlmted  kvvrtt^tf  Annu&I  Flood  OtLioufC  for  Orbui 
Ar**!^  with  Sl^flcmnt  Flood  iTotiems 


Stilly  area, 
atreat 

Daaa^e 

: renter 

: Residential 

• Coonerclal  Industrial  iubllc 

a utilities  : facilities 

Total 

— y 

2 

5 

• 4 : i : 6 

Ventui'a  R1v«t  baoln 
Ventura  Rlvet^  ^ 
Ventura  Klver 
Stewart 
Subtotal 


Ventura 

Me  1 ner ' a <jiaKS 

OJal 


i 

S 


T7 


5 7 15 

5 J 11 

10  5’  66 

!7  n §4 


Snnta  Clara  River  :3aaln 
Santa  Clar^Hlvei^ 
Santa  Clara  River 
Santa  Clara  Hlver 
Santa  Clara  River 
Santa  Clara  River 
Subtotal 


•xnar-l 
FI  Plo 
Sant  B I aula 
FlllaJT*' 
Nev.hal  1 


70 

75 


60 

50 

iri 

113 

23 


lo  10  11-0 

10  U 116 

y 5 15b 

7 4 3J9 

6 6 65 

r 5T  T5? 


Oalleguas  Creek  baatn 
Callro’uaa  Cr-eti 
Arroyo  Cone Jo 
Arroyo  Slral 
Subtotal 


Cnjnarlllo 
Tnousand  ‘laXa 

MooriJiirK 


70 

60 

7 

3 

60 

4' 

TT^ 

ny 

9b  60  265 

5 S 20 

90  b?  £40 

TTT  55^ 


Santa  Moaloa  Str-haa 


!jyuna  I>'>ral  n«tue2 

Los  At)t(eles 

7 

b 

Henedlct  Canyon 

bcverly  Hills 

;<ene\Uct  Canyon 

W»*Bt  Hollyww! 

10 

Jentlnela  Cr^ek 

IiylewovAl 

6 

6 

ballora  Creek 

Culver  City 

:o 

15 

3ei'ttlve<la  Canyon 

Santa  Kjnlca 

a 

4 

Subtotal 

U'B  Ant7f»es  Hlver  baaln 


lv>a  Arme'.e.i  Wlver 

Los  Angeles 

13b 

l.K 

Ujs  An^ieles  River 

burbank 

bO 

26 

Los  An*teles  River 

Glerklale 

La  Canada 

bJ 

.5 

Subtotal 

57^ 

Stu.  .'.abrlel  River  hn.iln 

Arcalls  Vssn 

Arca.Ua 

25 

lb 

bl(T  DaJtcn  Wasn 

balclwin  iark 

35 

2C 

walnut  Creek 

Covina 

30 

15 

San  iabrlel  River 

Duarte 

30 

20 

Covote  Cr*  ek 

K.  Wldttler 

20 

15 

Uttle  Dalton  Waa.: 

G lerklora 

35 

U 

Coyote  Creek 

;a  Mlrmla 

30 

1 

La  f uonte 

S 

Subtotal 

6 

10 

5 


220 

f47 

200 

220 

160 

196 

2b0 

272 

10 

45 

19  • 

210 

"u^ 

94 

51 

44 

la 

!T‘ 


267  616 

97  ?oe 

109  145 

a4  167 

^ 1,.TI 


10 

lb 

17 

2b 

10 

20 

Sb 

50 

TTT 


55 

4; 

3C 

lb 

25 

50 

:o 

-0 


65 

no 

9i 

90 

70 

100 

65 

75 


Santa  Ara  River  fcaaln 


San  Antonio  Creen 

Chim' 

L<; 

e 

Cucaaon^.u  Creek 

bllanl 

75 

25 

C'icajx>nt-'B  Creen 

v>ntarlo 

’*0>7 

55 

Varai  Creek 

San  .'ernardlno 

65 

Mill  Creek 

Redliukls 

170 

55 

Santa  A;«  River 

Hlverslle 

2o 

10 

Teopacal  Creek 

Corona 

tKI 

31 

hautlsta  Creek 

Seui  Jacinto 

26 

6 

San  Jacinto  River 

1 errls 

IS 

Santa  Ana 

5 

Subtotal 

?TT 

77? 

rn-w*:  Co-unty  Streaas 

la«rana  beach 

4 

1 

la^.'-una  Creek 

San  lala  Rrv  River  :‘asln 

San  Luis  Rey  River 

'kreanfll  le 

1 JO 

SO 

bu''na  Vista  .'reek 

Vista 

6 

4 

San  >4ircos  Cr**ek 
Subtotal 

L^ucedla 

60 

T7(5 

20 

San  Dlewult’  River  Basin 

Del  htar 

66 

30 

Sen  olesulto  f>tver 

San  River  Basin 

San  olepo  Mver 

San  Diego 

277 

L56 

San  Diego  River 
Subtotal 

Kl  Cajon 

. h>! 

r? 

159 

9 

29 

?r 

45 

167 

3. 

53 

236 

& 

*'4 

VI 

i: 

10 

.47 

10 

4 

44 

12 

14 

137 

4 

5 

4b 

1 

6 

25 

si 

76 

TT 

i,rr 

1 9 


b 


5^  IM 

0 13 

5 no 


0 


13 


111 


b6  654 

54  455 

T;or 


June  1S71 
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'ABLE  9 


Ba«e  Mar 


SOOTH  COASTAL  SUBRLGKW  OF  THE  CAIJFCRHU  MUIOH  (Cont'4) 

EstlDated  Average  Aonual  Flood  Daaa^^  for  'Jrbar 
Areas  vlth  Significant  Flood  Hrobleta 


Stikij/  area. 

DasB«e 

Average  annual  flood  /£!.<Sd6T  J ' 

: Reeldential 

i 5 

Coaoercial 

Industrial 
& utilities 

rub  lie 
facilities 

1 TSST- 

SwetwHter  Hlver  ; adln 
Las  Ias  Cr«*«rR 

Sa*)  Diego 

17 

:o 

Sveetwater  Hlver 

National  City 

S3 

Sv».*etwiv*.er  Blver 

Chula  Vista 

35 

*g 

Subtotal 

To^ 

n 

TW 

ta.v"n  ''umn  Rivers  La5l:i 

v't«.“Tl  'uarA  River 

lo^erial  Beacr. 

30 

16 

3 

36 

85 

T.nal  Scutr.  Coastal  Sutreglon 

2,701 

1,4?1 

1,034 

2,461 

7,617 

TABLE  9ft 


Bftfte  Plftn 


9(Xmi  CC^JEAL  SUBieCICK  Of  im  CAUPOWLA  RfOICP 

3wmry  of  Sttlafttad  Awra^e  Aongal  flood  m«ft^  for  Uften  Are*ft  vlth  Slgnlf leant  flood  Problmo 
. Preftmt  and  futtire  Conditlona  of  Coonosle  Dtwelo|Bent 
vlth  Sxlfttlng  flood  Control  Iterurta  • 


Ikaac* 

»i  ' 

•tre«a 

: c«nt«r 

: 19GB  aeoneale 

t eondltlonft  ?/ 

Vanturm  Pl*ar  Baaln 


Vantura  Plvar 

Ventura 

15 

25 

60 

120 

Vantiua  Rlvar 

ktelMr's  cake 

11 

16 

44 

88 

Sta^art  ^ah 
Subtotal 

OJal 

66 

57 

m 

272 

¥ 

Santa  Clan  River  Bftftln 
Santa  Clara  River 

Oxnard 

IBO 

300 

750 

l,P7S 

Santa  Clara  River 

Cl  Rio 

118 

295 

735 

1,835 

Santa  Clara  River 

tenta  Paula 

135 

336 

645 

2,120 

Santa  Clara  River 

flllaore 

319 

795 

1,990 

4,970 

Santa  Clara  River 
Subtotal 

Calleauaa  Creek  Baaln 
Calleguaa  Creek 

Nevhall 

63 

755 

_3g0 

4,700 

95C 

11,750 

Caoarlllo 

?95 

710 

1,  775 

4,450 

Arroyo  Conejo 

'Hiouaand  Caks 

ao 

SO 

125 

300 

Arroyo  Slal 

Moorpark 

?40 

600 

1.500 

577^ 

3.7SO 

Subtotal 

575 

1,3^ 

8,500 

Santa  Monica  Bay  Straaaa 

Lacuna  Oonlnguet 

Loa  Angeles 

?47 

370 

610 

970 

Benedict  Canyon 

Beverly  Hllle 

220 

330 

550 

880 

Benedict  Canyon 

West  Rollyeood 

198 

300 

500 

00c 

Centlnela  Creek 

Inglevood 

272 

410 

670 

1,070 

Ballona  Creek 

Culver  City 

48 

70 

110 

170 

Sepulveda  Canyon 

Santa  Monica 

210 

310 

510 

610 

Subtotal 

1,  195 

1,7^ 

2,9fe 

4,  700 

Loa  Anealea  River  Baaln 
Loa  An^lea  River 

Los  Angeles 

616 

920 

1,520 

2,430 

Los  Angeles  River 

Burbank 

206 

310 

510 

830 

Los  Angelas  River 

Glendale 

245 

370 

610 

960 

Los  Angeles  River 

ta  Canada 

167 

250 

410 

660 

Subtotal 

1,234 

1,850 

3,050 

4,900 

San  Gabriel  River  Basin 

Arcadia  Wash 

Arcadia 

85 

130 

230 

370 

Big  Caiton  Vtesh 

Baldvln  Pmrk 

110 

165 

260 

415 

Walnut  Creek 

Covina 

92 

135 

225 

360 

San  Cabrlel  River 

Duarte 

90 

155 

215 

345 

Coyote  Creek 

Bast  Whittier 

70 

105 

170 

270 

Little  Dalton  Uaah 

Glendora 

100 

ISO 

240 

380 

Coyote  Creek 

U Mirada 

85 

130 

230 

370 

San  Joee  Creek 

ta  Puente 

75 

110 

rM 

290 

Subtotal 

7^ 

1,060 

2,800 

Santa  Ana  River  Basin 

San  Antonio  Creek 

Chino 

29 

60 

145 

360 

Cucaaon^  Creek 

Uplanl 

187 

.350 

840 

2,100 

CucftBon^  Creek 

Ontario 

238 

500 

1,200 

3,000 

uam  Creek 

San  Bernardino 

.321 

675 

1,620 

4,050 

Min  Creek 

Redlands 

247 

518 

1,250 

3,120 

Santa  Ana  River 

Riverside 

44 

90 

230 

570 

l^nescal  Creek 

Corona 

137 

288 

590 

1,470 

Bautista  Creek 

San  Jacinto 

45 

95 

220 

550 

San  Jacinto  River 

Perris 

6 

13 

30 

70 

Santa  Ana  River 
Subtotal 

Santa  Ana 

iM 

1.060 
16, 3S0 

Oranea  Countv  Streams 
Laguna  Creek 

Laguna  Beach 

6 

16 

32 

60 

s«n  UU  Wtr  nun  B».tn 
San  Lula  my  River 

Oceanside 

184 

415 

970 

1,650 

Buena  Vista  Creek 

Vista 

15 

45 

95 

160 

San  ^^co8  Creek 
Subtotal 

Leucadla 

570 

555 

680 

1,94? 

1.500 

3,310 

San  Dleaulto  River  Basin 
Wi  Dlegulto  River 

Del  Har 

111 

250 

590 

1,000 

San  Dleco  River  Basin 
San  Diego  River 
San  Diego  River 
Subtotal 

San  Diego 
Cajon 

634 

433 

1,271 

2, 561 
1.744 

4,305 

5,080 

3.500 

l,''fe7 

J\M  19T1 


I 


TABLE  9ft 

SOt/TH  CQAOTAL  SLEFECIOW  OF  TTO  CAUfOWW  RBCIdl  (CONT'D) 

r of  Satlftftted  Aver«^  Ajinuftl  Flood  for  UFbftn  Arefta  vlth  Slsnlflcmnt  Flood  Probl® 

- Preaent  and  futia^  Condltlona  of  Econoale  Devvlopaent 
vlth  Existing  Flood  Control  »feftaurfta  . 


Svaetxfttftr  River  Main 
Loa  Chollfta  Creek 
9w«et«ftter  River 
9vaetvftter  River 
Subtotal 

Pty-Tljtmra  Rl^ra  Baaln 
OUy-Tljuftnft  River 


Total  South  Coftatal  Subregion 


San  Diego 
Rational  City 
Chula  vista 

SO 

S8 

T§ 

100 

196 

136 

300 

470 

330 

400 
600 
550 
1,  750 

Iiqierlal  Beach 

65 

191 

450 

766 

7,617 

14,679 

31,036 

65,336 

IT  a«®«ea  baaed  on  ouiy  w©  prloea  and  project  c_, 
2/  Tlgurea  In  Coluan  3 are  frca  Colu»  7 of  T^ble  9. 


TABLK  yb 


h«ae  KI«n 


SU  JTK  CUAOTAL  SULPfcUlOW  I'F  THt  CAUKi^NtA  HHjKN 

Kstlaatt^'i  Avera«'c  Fl-xid  Dim«.’e  ani  Ditm«re  Heductlon 

4*or  Urban  Areait  vlth  Slii^nlf leant  Flood  iTObieoB 
“ (resent  and  Future  Kconoalc  Conditions  " 


prr.Vet 

condition^ 

I 


eeonantc  conditions 
: Vductlon  due  to  :Res 
tro.'ect:  1 66-l«^»80  progr—  ; lu 
eondl - ! ; : w 

tton^  : Non-  : fJtruc-  : 1' 

2'  : str’.etursl : turaJ  !rroi 

; ara^ures  :aeaaure»;  : 


- price*  (»l.nCK)> 

e"onoalc  condittena 
Reduction  due  to  :Res 
progTM  ; dai 
: : w/ 

tkT.”  : Stme-  r ? 
struetbral:  tural  : proi 
■eauuree  raraaurea! 


go  eeooqtle  conditions 
Reduction  due  to  lAs^^ual 
gOci-gtg(.~  prograa  ; daa^e 
; w/gOOl- 

Non-  : Struc-  ; 2tg0 
structural:  tural  :prograa 
acayurcff  ;»easures;  S/ 


■HT.ta  C Inra 
IviT  Beatn 
Sa.“>tn  - .arn 
River 

Siuta  Clara 
River 

llantA  C larn 
River 

Clara 

Hlver 

Saata  Clara 
River 
Subtv  tal 


Creen 

Arroyo  Cone.’o 
Arroyo  Slal 
S'jhtotal 


3e;'ulve<ta 

Canyon 

S-it'total 

Ar^cltfS 
Rlwr  roalr. 


River 

Iajs  ArifTeles 
River 

l^s  AnfCcXc*) 
River 

Los  An^el'-’s 
Plver 

Sur  total 

San_jSv_H^ 

River  raJln 
Ar^aUa  'nkisr-. 

Dalton  '♦lal 
Walnut  ’reek 
San  r.alrlel 
River 

Coyote  Creek 
Little  Lalton 
Wkisr. 

Coytjte  Creen 


Ventura 

15 

23 

0 

12 

11 

30 

0 

16 

12 

24 

3 

16 

3 

Melner's  >.^8 

11 

16 

7 

0 

9 

24 

10 

0 

14 

28 

4 

17 

7 

O.lal 

6d 

102 

lb 

42 

4b 

120 

0 

90 

SO 

6C 

30 

0 

50 

:-4 

TXT 

2? 

Sb 

Tt4 

!oS 

n? 

5? 

Ss 

40 

Cxnar  1 

1?0 

300 

70 

0 

230 

575 

20 

515 

40 

100 

so 

0 

so 

El  Rio 

lie 

29b 

70 

0 

225 

560 

20 

500 

40 

100 

50 

0 

so 

Santa  ( aula 

15S 

338 

60 

226 

52 

130 

0 

no 

20 

56 

17 

30 

11 

Klllaore 

Sly 

79b 

0 

71b 

80 

200 

0 

0 

200 

500 

10 

4 75 

15 

Nevfail 

65 

152 

0 

145 

9 

25 

10 

0 

15 

30 

14 

0 

16 

IB 

W' 

1 ,l.V>4 

1,490 

5o 

T7T?b 

5Ts 

t55 

T4T 

505 

nr 

'OATillO 

285 

710 

0 

570 

140 

350 

105 

35 

210 

52b 

140 

10 

375 

Tbousanl  Oaxs 

20 

50 

20 

0 

30 

75 

20 

0 

55 

135 

65 

0 

70 

Moor;  ark 

240 

6iV 

40 

0 

56u 

1,400 

0 

1,260 

140 

35u 

7C 

175 

106 

1 ,5so 

So 

ST5 

TTS 

T7?5S 

435 

T73T3 

fT5 

553 

Los  An^'cles 

247 

370 

110 

0 

260 

430 

14C 

100 

190 

500 

90 

SO 

160 

beverly  Kill# 

220 

530 

9b 

0 

235 

390 

170 

55 

165 

260 

60 

0 

18C 

West  ilollywooil 

19b 

500 

80 

0 

220 

360 

loo 

55 

205 

350 

65 

0 

245 

I 1 •wo'Od 

272 

410 

9b 

0 

315 

520 

190 

40 

290 

460 

135 

100 

225 

C'ilver  City 

48 

70 

10 

0 

60 

100 

20 

0 

60 

150 

20 

0 

no 

Santa  Monica 

210 

310 

6C 

2.'0 

30 

so 

50 

c 

20 

40 

30 

0 

Iv 

r 

T7^ 

4b0 

TTTT^ 

1 ,65"o 

f53 

553 

TTs?^ 

ur 

T53 

Los  Anfsvles 

616 

920 

0 

500 

420 

70^' 

0 

600 

100 

160 

0 

140 

20 

Rurl  ana 

2v>6 

510 

110 

0 

Put- 

330 

140 

0 

190 

3X 

0 

250 

70 

'llendalc 

24;. 

370 

no 

0 

260 

430 

no 

200 

120 

190 

35 

75 

60 

La  Ca!Uu1a 

iC/ 

2S0 

70 

0 

18C 

3i>- 

no 

0 

190 

SIX' 

50 

no 

140 

1 ,.?3i 

:,&o 

?90 

bOC 

TTiTi 

TTT^ 

5co 

55o 

f3o 

553 

55 

555 

5TT 

Arcalla 

61 

150 

0 

11! 

15 

2b 

0 

0 

25 

40 

15 

0 

25 

hal'ivln  lark 

110 

165 

70 

0 

9b 

IbS 

70 

0 

65 

13b 

0 

90 

45 

Covins 

92 

135 

70 

0 

65 

no 

io 

0 

70 

no 

50 

0 

60 

Duarte 

90 

155 

60 

0 

75 

126 

60 

0 

65 

105 

4b 

0 

60 

East  Wi.lttler 

70 

105 

0 

8C 

25 

40 

0 

0 

40 

65 

25 

0 

40 

Glendora 

100 

150 

50 

0 

loo 

165 

70 

0 

9b 

ISO 

0 

120 

30 

La  Mlrala 

e: 

130 

0 

105 

25 

40 

0 

0 

♦c 

65 

25 

0 

40 

la  1 ue  nte 

7b 

110 

0 

lik 

lo 

:o 

0 

0 

20 

3C 

10 

0 

20 

ur 

XT 

n? 

"5 

sr 

T33 

TT3 

?T3 

5?3 

TAbLK  9b 


ba»e  Hmh 


SOUTH  CQA3IAL  SUBREClOK  OP  THE  CAUPORHIA  RECICW  (Cont'd) 


Estlaated  Average  Annual  Flood  Oamge  and  Daaa^e  Reduction 
for  Urban  Areas  vltb  Significant  Flood  Probleaa 
- Present  and  Future  Econoslc  Conditions  - 


Studv  area/ 

St  real 

narna^ 

Center 

l9fiS  1960  economic  conditions 

economic  tU/lsSs  : Reduction  due  to  : Residual 
4 :pro^ect:  ISSS'l'^O  tro^cram  : damage 

i960 

(rosraa 

Reduction  due  to  :Reslduml :V/19ei - : Reduction  due  to  :Rsslduai 
1961 -FOOT  promram  : dasMMe  : 2000  : 20Cl-202^  prosram  : damage 

project  ; coodl-;  .*  : w/1966- 

condltlons:  tlons  ; Non-  t Struc-  : 199o 

^ ^ :structural:  tural  tproKram 

: measures  : measures ; 3/ 

: v/1961-:prograa:  ; w/2001- 

Non-  : Struc-  : 2000  s : Non-  : Struc-  : 2020 

struetxiral:  tural  :prc^M  : tstructurml:  tural  :prograa 

measurea  tmaaanres;  4/  : measures  :aeasures:  5/ 

! ; 1 '5  ; s ; i 

9 

5 i IB  ; rt  ! u \ is  i n i is 

Santa  Ana 
River  ^aalr. 
^lan  jkotonlo 


Creek 

Chino 

29 

60 

0 

0 

60 

Cucamon^  Creek  Upland 

167 

350 

35 

160 

135 

Cucamonga  Creek  Ontario 

236 

500 

0 

455 

45 

Warm  Creex 

San  Berrmrdlno  321 

675 

SO 

552 

73 

HlIX  Creek 

Redlands 

2^1 

518 

35 

235 

246 

Santa  Ana  River 

Riverside 

44 

90 

IS 

0 

75 

TeoescaX  Creek 

Corona 

137 

266 

0 

199 

89 

sautlsta  Creek 
Smn  JacJntc 

San  Jacinto 

45 

95 

0 

51 

44 

River 

rerrls 

6 

13 

0 

0 

IS 

Santa  Atm 

76 

151 

0 

C 

151 

Subtotal 

1,310 

2,740 

135 

T757? 

555 

Uranae  County 
Stresma 

Laguna  Reach 

6 

16 

0 

0 

16 

Laguna  Creek 

San  Luis  hey 
River  &asln 

Sar.  Luis  Rey 
River 

Buena  vista 

Oceanside 

184 

415 

0 

365 

30 

Creek 
San  tau-cos 

Vista 

13 

45 

0 

0 

45 

110 

370 

0 

170 

200 

Subtotal 

San  DleiTulto 
River  basin 

357 

eSo 

0 

555 

5t5 

San  blegultc 

River 

Del 

111 

250 

0 

135 

115 

San  Dleao  River 
Basin 

San  Diego  River  San  DlegO 

634 

1,271 

0 

1,170 

101 

San  Diego  River 

El  Cajon 

433 

664 

0 

800 

54 

Subtotal 

1,067 

?7I3S 

*5 

1 ,5‘?6 

T55 

Sueetvater  River 
'/asln 

las  Chollas 

SfU)  Diego 

50 

100 

20 

0 

60 

Swet^ter 

River 

National  City  86 

198 

0 

186 

10 

3**etvater 

River 

Chula  Vista 

61 

:sa 

0 

130 

e 

Subtotal 

tSi 

To 

1T5 

55 

OtayrC  1 Vmna 
R r s ^ ^ 

TmperlaJ 

R Wer# 

Reach 

65 

191 

14 

115 

62 

Total  South  Coastal 

Subregion 

7,617 

14,679 

1,441 

7,593 

5,645 

144 

0 

132 

12 

30 

IS 

0 

IS 

324 

140 

0 

164 

460 

140 

140 

160 

100 

20 

ss 

25 

62 

20 

0 

42 

175 

26 

0 

147 

366 

55 

150 

163 

590 

0 

465 

105 

263 

55 

130 

96 

180 

0 

165 

15 

36 

15 

0 

23 

214 

0 

182 

32 

60 

50 

0 

SO 

106 

0 

92 

13 

32 

10 

0 

22 

31 

0 

0 

32 

78 

0 

66 

12 

372 

0 

322 

SO 

145 

10 

100 

55 

T55 

T7I55 

m 

m 

55? 

55S 

32 

0 

26 

4 

10 

7 

0 

5 

70 

0 

0 

70 

120 

40 

0 

60 

106 

40 

0 

65 

110 

0 

75 

35 

470 

70 

250 

15C 

255 

50 

150 

75 

645 

TT5 

?55 

465 

75 

5?5 

T§5 

t 

270 

0 

195 

75 

125 

45 

0 

60 

203 

70 

0 

135 

263 

95 

90 

78 

128 

43 

0 

a; 

166 

60 

0 

106 

5ST 

TTf 

”5 

n? 

i?5 

T55 

55 

TW 

160 

35 

0 

125 

250 

70 

no 

70 

24 

0 

0 

24 

41 

0 

26 

15 

19 

0 

0 

19 

32 

0 

21 

n 

55 

“5 

T5S 

555 

75 

T5T 

9? 

147 

20 

0 

127 

216 

72 

46 

96 

11,642 

1,905 

5,464 

4,255 

6,224 

1,877 

2, <44 

3,603 

F{«rur*s  snovn  In  Colust  3 are  froa  (^o^uMi  ? of  f^le  9 and  are  also  shovn  In  Colian  S of  Tabled, 
f Fl^iures  In  Coluat  4 are  froa  Coluot  4 of  Table  9m. 

T CoXusi  f • Colusi  4 - Coluai  5 * Coluvi  6. 
r Coluari  XI  • Column  8 - Coluvt  9 - Coli»  10. 
r Colu*»  is  • Colu»  l2  - ColuMJ  13  ' Column  14. 
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bes«r  F l«n 


SOUTH  CO(iSTAL  SUBHUilUfi  OP  THE  CAUPOHNU  KEGIiA 

Eatlaated  Coets  of  Putur**  Flood  Control  Iro^ut 
- l »v  to  1 j6x.>  - 
(tl,000) 


irrver'  


3«n  Luis  >>•?  h'. 


Total  Soutr.  'jeatal 
Subre«ton 


4,500 

0 

1,500 

20 

0 

0 

0 

0 

110 

20 

4bu 

29 

25, two 

0 

6,900 

lv4 

0 

0 

0 

0 

720 

93 

5,250 

143 

9,400 

0 

3,100 

55 

0 

0 

0 

0 

90 

13 

2,500 

37 

0 

0 

0 

0 

0 

0 

0 

0 

70 

11 

450 

26 

5,500 

0 

1,000 

14 

0 

0 

0 

0 

110 

b 

6,650 

52 

3,3vX3 

0 

1,100 

13 

0 

0 

0 

0 

390 

107 

5,440 

46C 

15,000 

0 

5,000 

60 

0 

0 

0 

0 

560 

75 

4,060 

90 

97,670 

n 

51,89v> 

579 

69,590 

0 

15,650 

269 

660 

101 

9,150 

236 

0 

0 

0 

0 

0 

0 

0 

0 

140 

37 

260 

53 

0 

0 

0 

0 

0 

0 

0 

0 

220 

39 

1 ,490 

75 

: 0,700 

0 

3,6a’ 

44 

c 

0 

0 

0 

130 

21 

290 

46 

f ,450 

0 

1,270 

70 

5,750 

0 

soc 

24 

100 

15 

420 

33 

4,1J0 

0 

7,000 

9C 

420 

0 

360 

1 

130 

20 

600 

47 

4,900 

0 

4,3a’’ 

30 

0 

0 

0 

0 

no 

1? 

510 

39 

10,550 

0 

2.250 

17 

0 

0 

0 

0 

160 

24 

520 

53 

215,670 

0 

70,910 

676 

75,760 

0 

16,510 

294 

3,740 

601 

36,450 

1,441 

TAbL£  I'.la 


Bast-  i lar. 


SOirTH  C'ASrAL  S»’Bh«iK‘N  Of  THJ:  <:ALn’\'KNlA  BliillN 

KsUratei  Coats  of  f\itur«  flood  Coi  tr  I I ro^aa 
- 19hl  to  :0£0  ■ 

(tl  ,IXK)) 


:i  * * 


. R3^  i lar. 


sa*r.;  cy  tkj.  cauk  hW/i^.?. 

Coals  oT  h\ituro  flood  Control  In^rar 

- u :-oeo  - 
(tl.Oix*) 


4,260  :,CV  4 65, .VO  2,329 


SANTA  Clara  river)  basin 


^EriTURA  ^ ^ - 

k I f^ot  Ilia 

I <■>■*•/ 

^BASW  / 

N * m .L 


y^:  / 

PAUi.A 

X^J  'OS  .'SATCOt  ^ ' *“  “ 

*■/  # MOORPARK 

X#Tl  NTURA  ^ • 

'\i^l4T^''.^i^ALLEGUAS  CREEK 
\ #CAMAS.1.l0  ^ 

\ ^AAR3  BASIN  _ / 


. _/LOS  ANGELES 


MAl.iBU  coastal 
streams  e 

\ Mm^iBu  9£ACm 


T^^nofsan  ( ^ ■ 

tA  CANAOa\ 

BvRBank  ^ GABRIEL] 
koS^NGftES  •'  i ‘ «7-.DW|J 


/ [ ^ BvRBank  'll  GABRIEL] 

•housanc'caks  _ • P_,AU^A^.-,:,A  oJ 

OASTAL  ^ ’ ♦ '•  ) 


SiNT>4l 

"'<’  . W'-''<'^»\SANTA 


iNTA  ; 'r  #'  *- 

*'SYE*ooD  ^f.,r 
.MONiC/y  »of'u»»BASIN 

\ COWPTO^*  <■1  • 

\bay'^  Llamsaoa^j 

3 ) ^a'cV 

Atrs/.^#/  y^os  “'*'1 


NE^PORf  beach’ 


^ -SA.A.. 


NC  NOP'*M  CC/*S’*k 
V SAN  «'R**»C'tCO 
cc  riNTBA^  coAS’*^ 

sc  sou^M  rr-A*’*. 

SB  SAC  RAMI  N*C  BAS  *, 
DC  OClTACIN'RAi.  S'(R 
S^  SAN  /OAg.  •*•  BAS  N 
’B  tuuARf  BAS>N 
N»  NO«^»*  .AmON’AN 
S4.  SOu’«  1>«0*»»AN 
CO  COtORAOC  OiS<R' 


LOS  ANGELES 


RtVEfT  Co<;sm«M 

la  Ca\aoa\  - 

^je,'  5 Oof» 

sjRBANK  ^ GABRIEL 

— s' .,  ? ^'^^^^-'^'^ARCAC'  A r>  > 

^^€4<CA_t#  *•  / 


5o/»  Dimoi 


Pudamgstc  ♦ 


5<7/7  Antonio 


#3lEND0RA 


^ SAN  BERNARDINO  • 

• ijCAMONGA 


'•RED.ANOS 


^ANTA  J 

\mon*a/ 


'•  R'VERSlOE 
ARL’NG'^jN 

P/-t7<?(j  ^S/catrvto^ 

CORONA  ^ 

i ychfms 

SANTA  ANaH^IVER  3ASIN 

5»W  PESO'S  , 


ORANGE  COUNTY 


STREAM? 


0AS'N 


Cy>i.Tn?CO 


ASAN^EF 
Eu  CAJON/ 


SlrAf^'A'  I 

Vl^^ON  A^  C 

^X4'--ttOUANA 

kTT^  ' C 0 


'IMPERIAL 

BEACH 


OROtOGiC  Sufif^CGtONS 


NC  nobtm  coast*. 

Sr  iA*»  fB*N(.'tCO  U*’ 

CC  tCNTBAl  COA$T*i 
&C  south  coastal 
&e  SACRAMCtaTO  BAS'N 
OC  OCkTACCNTRAl.  S>(BH< 
Sj  SAN  .rOAOU'N  BAS'N 
TB  Ti^ukHl  BA&.N 
Nl  NO0Tm  l>hONTAN 
SC  SOuTm  .>hONTan 
CD  COlOBACX)  OCSEOT 


'ogswBtt 


'Orbor 


So,  'f<ogo 


E'smort  Lott 


NEi^PORT  BEACH 


D/fOn 


Cufomoco 


LA  JOLLA'0^ 


AJON 


LEGEND 


I.  Existing  Projects  (in  Operation  1965) 
( See  Toble  6 8 7) 


Reservoirs  with  Flood  Control 

1.  Devils  Gate 

2.  Big  Tujuhgo  No  I 
3 Hansen 

4.  Sepulvedo 
5 Lopez 

6.  Puddingstone 

7.  Son  Dimo s 


6 Cogswell 
9.  Santo  Fe 
(0-  Whittier  Norrows 

1 1.  Brea 

12. Corbon  Conyon 

13.  Fullerton 

[4.  Son  Antonio 


15.  Pr  ode 

16  Syc omore 

17  Sontlogo 
i8.  Villa  Pork 
19  Dixon 


Other  Reservoirs  or  Lakes 


A 


Levee  8 Channel  Projects 
t Ventuto  R 
S.Stewort  Cn 

3.  Sonto  Cloro  R 

4. CoMegoOs  Cr  8 Trtbs 

5.  Kenter  Cn 


6-  Bollono  Cr  8 Trtbs 
7 Los  Angeles  R Bosln 
B Son  Gobriel  R Bosin 
9 Sonto  Ana  R Bosin 
10- Orange  County  Streoms 


II.  Sonto  Morgorito  R Bos>n 

12  Son  Luis  Rey  R Bosin 

13  Son  DIeguito  R Bosin 

14  Son  Diego  R Botin 


Watershed  Projects 


I Beordsley 
2.  Coileguos  Cr 
3 Revolon 


4.  Buena  Vitto 
5 Escondido 


2 Potential  Future  Flood  Control  Progrom 

A (1966-1980),  A|  (Constructed  or  Funded  for  Construction 
os  of  FY  1970). 8(1981-2000), C(200l-2020).(See  Tobles687) 


Reservoirs  with  Flood  Control 


1.  Topotopo  (C ) 

2.  Cold  Springs  (C) 
3 Coileguos  ( B ) 


4 Prodo (A) 

5.  Solt  Cr  (8) 

6 Son  Juon  Cr  ( B ) 


7 De  Luz  (B) 

8 Monserofe  ( 6 ) 

9 oon  Diegutfo  (B) 


Levee  8 Chonnel  Projects 
I Ventura  R ( A.B.C ) 

2.  Sonto  Cloro  R (A.B.C  ) 

3 Coileguos  Cr(A,0,C) 

4 Molibu  Cr  ( B,C) 

5 Topongo  Cn  Cr  ( B.C  » 

6 Kenter  Cn  Cr  (A.B) 

7 BoHono  Cr  ( S,C  ) 

8 Los  Angeles  R Basin(  A.A|,B,C) 

9 Son  Gobnel  R Bosin  ( A,A|  ,B,C) 


10  Sonto  Ano  R Bosin(A,B.C) 

11  Oronge  County  Streoms  (B.C) 

12  Son  Morgorito  R Bosin  (B.C) 

13  Son  Luis  Rey  R Bosin  (A.B.C) 

14  Son  DIeguito  R Basin  (A.B.C) 
15. Son  Diego  R Bosin  (A.B) 

16  Sweetwoter  R Bosin  (A.B.C) 

17  Otoy.TiJuono  R Bosin  (A,C) 


Wofershed  Projects 


Locotions  of  non- structural  floodplain  moriagement  meosures 
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River  Forecasting  Points 

River  Stoge  lEnstmgl 

1 Escondido 

2 Son  0<ego 


R'wer  Stoge  (Future) 

I-  Venture  4.  Sonto  Ano 

2 Sonto  pQuio  S Son  Sernordino 

3 Comorlllo 

Reservoir  Inflow  (E*l$ting) 

I.  L.oKe  Henshow  4 Borrett 

2 El  Copiton 

3 Lower  Otoy 

Reservoir  Inflow  (Future) 

I Prodo 


Existing  Reservoir  with  Flood  Control 


Other  Reservoirs  or  Lakes 


Potential  Future  Reservoir  with  Flood  Control 
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scale  in  miles 


SACRAMENTO 

BASIN 

SUBREGION 


NC  — NORTH  COASTAL 
SF  — SAN  FRANCISCO  BAY 
CC  - CENTRAL  COASTAL 
SC  — SOUTH  COASTAL 
SB  — SACRAMENTO  BASIN 
DC -DELTA -CENTRAL  SIERRA 
SJ  — SAN  JOAQUIN  BASIN 
TB- TULARE  BASIN 
NL  — NORTH  LAHONTAN 
SL  — SOUTH  LAHONTAN 
CD  — COLORADO  DESERT 


■\ARIZONA 


SACRAMEOTO  BASIN  SUBREGION 


General 


The  Sacramento  Basin  Sxibreglon  (SB ) Is  situated  In  northcentral 
California  and  southern  Oregon  and  covers  approximately  the  northern  half 
of  the  Great  Central  Valley  of  California.  It  is  bounded  by  the  Sierra 
Nevada  on  the  east,  the  Coast  Ranges  on  the  west,  the  Cascade  Range  and 
Trinity  Mountains  on  the  north,  and  the  northern  border  of  the  Delta- 
Central  Sierra  Subregion  near  the  city  of  Sacramento  on  the  south.  (See 
hfep  SB-1.)  A portion  of  the  watershed  of  Pit  River,  the  most  northern 
tributary  of  Sacramento  River,  lies  outside  the  moiintalns  delimiting  the 
basin  In  the  northeast,  but  drains  through  the  crest  of  the  Cascade  Range 
Into  the  Sacramento  Basin  proper.  The  subregion  Is  about  200  miles  long 
and  130  miles  wide  and  comprises  an  area  of  26,498  square  miles  In  Califor- 
nia and  717  square  miles  In  Oregon. 

The  climate  of  the  subregion  Is  characterized  by  hot,  dry  sximmers  and 
mild  winters  with  relatively  light  precipitation  In  basin  floor  areas,  and 
by  warm,  dry  summers  and  cold  winters  with  heavy  rain  and  snow  In  the  moun- 
tainous areas.  Average  annual  precipitation  varies  with  elevation,  ranging 
from  less  thsin  10  Inches  on  the  basin  floor  to  over  95  Inches  In  the  Sierra 
Nevada  and  Cascade  Range.  Temperatures  on  the  valley  floor  normally  range 
from  winter  lows  near  freezing  to  summer  highs  of  about  110  degrees.  In 
mauntalnous  areas,  winter  temperatures  average  about  30  degrees,  but  occa- 
sionally fall  below  zero. 

The  subregion  had  an  estimated  total  population  of  1,089,000  In  1965. 
Agriculture  Is  the  dominant  economic  activity  of  the  subregion  and  Includes 
both  crop  and  livestock  production.  Crop  production  shows  a high  degree  of 
diversification  with  grain,  deciduous  and  citrus  fruits,  and  truck  crops 
all  being  produced  within  the  subregion.  Livestock  production  Is  represented 
principally  by  the  raising  of  beef  and  dairy  cattle  and  sheep.  Important 
economic  functions  subsidiary  to  agriculture  Include  the  packing  and  proc- 
essing Industry,  the  agricultural-service  Industry,  sind  the  farm  equipment 
Industry,  The  production  of  natural  gas,  clay,  limestone,  sand  and  gravel, 
and  lumber  and  other  forest  products  are  also  significant  economic  activities 
In  the  subregion.  In  the  Sacramento  area,  military  activities.  Federal  and 
State  Government  agencies  and  the  aerospace  Industry  comprise  an  Important 
segment  of  the  economy. 

The  Sacramento  Basin  Subregion  Is  well  provided  with  highways,  airlines, 
railroads,  and  waterway  transport  facilities.  Including  the  Sacramento  Deep 
Water  Ship  Channel,  A highly  developed  Federal,  State,  and  county  highway 
and  road  system  eiffords  ready  access  to  all  parts  of  the  basin  and  to  adjoin- 
ing areas. 

The  Sacramento  River  Is  the  principal  stream  In  the  subregion.  Its  head 
waters  near  Mo\int  Shasta  rise  to  an  elevation  of  6,000  feet  and  descend 
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through  a deep  canyon  to  Shasta  Lake  where  It  is  Joined  by  the  McCloud 
and  Pit  Rivers o From  Shasta  Lake,  Sacramento  River  flows  southward  to 
the  edge  of  the  alluvial  valley  south  of  Red  Bluff.  From  near  Chico  the 
river  flows  southward  to  Colusa,  thence  southeasterly  In  a leveed  chan" 
nel  along  an  alluvial  ridge  flanked  by  overflow  basins.  An  overflow 
basin  to  the  west  receives  flow  from  several  minor  tributaries.  Butte 
Basin,  the  overflow  basin  to  the  east,  receives  the  flow  of  several  minor 
tributaries,  natural  overflow  from  Sacramento  River  in  the  reach  below 
Chico,  aJid  overflow  from  two  weirs  acting  as  safety  valves  for  the  Sac" 
ramento  River  levee  project.  Outflow  from  Butte  Basin  discharges  through 
the  Sutter  Bypass  euid  reenters  the  Sacramento  River  at  the  confluence  of 
Feather  River.  At  this  point  when  Sacramento  River  flow  exceeds  about 
70,000  cubic  feet  per  second  spill  occurs  over  a weir  into  the  leveed 
Yolo  Bypass.  Sacramento  River  is  Joined  by  the  American  River  at  City 
of  Sacramento.  Large  flows  from  American  River  create  backwater  as  far 
upstream  as  the  confluence  of  Feather  River  reducing  flow  In  the  main" 
stem  leveed  channel  between  this  point  and  a downstream  overflow  weir 
discharging  into  Yolo  Bypass  opposite  the  confluence  of  AmericEin  River. 
This  weir  diverts  combined  American  River  backwater  and  Sacramento  River 
flows  in  excess  of  about  85,000  cubic  feet  per  second  and  hence  out  of 
the  Sacramento  Basin  Subregion  Into  the  Delta "Central  Sierra  Subregion. 

Additional  information  on  the  subregion  can  be  found  in  Appendix  II, 
"The  Region. " 

For  the  investigation  of  present  and  future  flood  problems  and  the 
analysis  of  potential  solutions,  the  subregion  has  been  subdivided  into 
the  following  study  areas:  Sacreunento  River  Basin  above  Shasta  Dam, 

Sacramento  River "Shasta  Dam  to  Sacramento,  Redding  Stream  Group,  Middle 
Sacramento  River  Tributaries "Eastslde,  Middle  Sacramento  River  Tribu" 
tarles"Westslde , Stony  Creek  Basin,  Colusa  Basin  and  Tributary  Streams, 
Butte  Basin  and  Tributary  Streams,  Feather  River  Basin,  Yuba  River  Basin, 
Bear  River  Basin,  Goon  Creek  Stream  Group,  American  River  Basin,  Cache 
Creek  Basin,  Putah  Creek  Basin,  Morrison  Creek  Stream  Group,  and  Project 
Bypass  in  Sacramento  Basin.  The  principal  streams  in  these  areas  are 
shown  on  Map  2. 


History  of  Flooding 

The  Sacramento  Basin  Subregion,  similar  to  other  subregions  In  north- 
ern and  central  California,  is  periodically  subject  to  widespread  storms 
during  the  winter  season,  which  extends  from  November  through  March. 
Winter  storms  account  for  about  SO/  of  the  annual  precipitation  of  this 
area. 

The  subregion  experiences  two  types  of  flood:  l)  those  that  occur 

d\aring  the  late  fall  and  winter  months,  primarily  as  a result  of  pro" 
longed  general  rainstorms  in  the  mountain  and  valley  floor  areas;  and 
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Although  seriously  eroded  hy  extremely  hi^h  stages  caused  by  runoff 
from  over  30  inches  of  precipitation  on  the  basin  during  the  preceding 
12  days  » the  cast  levee  on  the  Feather  River  midway  between  Yubti  City 
anil  Sacramento  still  confined  the  river  at  noon  on  23  December  1955* 
(Corps  of  Engineers  Photos*  ) 

PHOTO  SB- I a 


however  t the  levee  was  breached  find  floodwaters 


PHOTO  SB- 1 1) 


Efforts  to  provide  emo  r nc  v reinforcement  were  useless 


PHOTO  SI3-IC 


After  forty  minutes,  uncontrolled  floodwnters  poured  through  the 
brenched  levee  to  inundnte  about  25,000  acres  of  farmland  and  parts  of 
two  nearby  towns*  D,ima^es  were  estimated  at  almost  $7  million* 


PHOTO  SB- Id 


2)  those  that  occur  during  the  spring  and  early  summer  months,  prlmexlly 
as  a result  of  the  melting  of  the  winter  snowpack  in  the  high  areas  of 
the  Sierra  Nevada.  The  most  significant  type  is  the  late  fall  and  winter 
flood  caused  by  general  rainstorms.  A description  of  ttie  most  noteworthy 
floods  of  the  late  1800's  and  early  1900's  is  Included  in  the  regional 
section  of  the  appendix.  On  a subregional  basis,  the  flood  of  December 
1955  was  the  most  widespread  and  destructive  since  the  floods  of  1862  and 
1867.  Thlrty-eight  persons  lost  their  lives  during  the  December  1955  flood. 
Rainfall  exceeded  30  inches  during  a period  of  12  days  over  the  headwaters 
of  the  Sacramento,  Feather,  and  American  Rivers.  The  resultant  floodflows 
were  substantially  larger  than  the  previoxis  record  flows  of  1950.  Although 
the  Sacramento  River  was  confined  within  its  levees,  overflow  occurred  at 
all  of  the  relief  weirs  along  the  river  (which  are  a part  of  the  Sacramento 
River  Flood  Control  Project),  and  flooding  occurred  within  the  project 
floodways  and  natural  storage  basins.  Levees  on  Feather  River  failed  south 
of  the  Marysville “Yuba  City  area  flooding  most  of  Yuba  City  and  portions 
of  other  towns  and  suburban  developments.  Over  80,000  acres  of  agriculture 
lands  were  Inundated.  See  Photos  SB“I,  Sb~II  and  SB“1I1.  Agricultural, 
public  facility,  and  residential  damage  comprised  nearly  of  the  total 
flood  dacage.  About  50,000  people  evacuated  their  homes  for  periods  remg” 
Ing  from  a few  days  to  three  months.  Large  evacuations  occurred  from  Sutter 
and  Yii)a  Coxintles.  About  10,000  people  were  forced  to  flee  their  homes  due 
to  the  Yuba  City  levee  failure  and  the  threat  of  flooding  forced  the  evacu“ 
ation  of  about  18,000  people  from  Marysville  and  vicinity.  A levee  failure 
downstream  of  Yuba“Clty  near  Nicolavis  also  caused  widespread  flooding  and 
damages.  Subregion“wide,  about  263,000  acres  were  Inundated  principally 
by  the  Feather,  Bear,  and  Sacramento  Rivers  and  flood  damages  exceeded  $65 
million.  Flood  fighting  and  cleanup  costs  under  the  various  Federal  pro- 
grams exceeded  $4  million. 

The  second  most  destructive  flood  in  the  subregion  on  a dollar-damage 
basis  was  the  flood  of  Deceniber  1964“January  1965.  Photo  SB“1II  shows 
result  of  record  flow  on  Thornes  Creek.  It  is  slgnlflcsuit  to  note  that 
damages  during  this  flood  wo\ild  have  exceeded  those  of  1955  if  it  were 
not  for  Improvements  made  in  the  flood  control  system  in  the  Intervening 
nine  years.  Damages  from  these  and  other  significant  recent  floods  in 
the  subregion  are  tabulated  on  pag/-  . P-4  ani  shovn  iri  more  detail  in 
Tablef'  1 o.nd  2. 
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iTotal 


Flcxxi  damage  1/  ($1,000) 


Flood  :Forest  & range :Agriciiltural:Residential: Industrial:  Public 

season:  resources  : & : & : & :facllitles 

(year):  & facilities  ; land  : commercial  : utility  : 


1950- 

1951 

2,375 

1,338 

3,983 

3,059  ^ 

10,755 

1955- 

1956 

4,536 

23,994 

14,486 

5,159 

17,482 

65,657 

1957- 

1958 

524 

5,341 

977 

187 

2,759 

9,788 

1962- 

1963 

978 

1,177 

267 

426 

3,233 

6,081 

1964- 

1965 

4,531 

7,559 

1,533 

3,913 

21,562 

39,098 

1966- 

1967 

0 

1.780 

44 

7 

58 

1.889 

IJ  Based 

on  prices  and  project  and 

economic 

conditions 

at  time  of 

occurrence 

of  flood. 

2/  Total  damages  ■ industrial  and  utility,  and  public  facilities. 


Peak  flows  of  maximum  floods  of  record,  100~year  floods,  and  standard 
project  floods  for  selected  stations  in  the  subregion  are  shown  on  Table  11. 

Present  Status  of  Flood  Control  Improvements 

The  existing  flood  control  improvements  within  the  subregion  include 
a variety  of  measures  to  reduce  flood  damages.  (See  Map  3.)  They  include 
flood  forecasting,  flood  control  reservoirs,  floodwater  retardation  struc" 
tures,  levees  and  channels,  tributary  watershed  treatment,  and  flood  plain 
information  st\jdies.  Existing  measures,  which  are  described  in  more  detail 
in  following  paragraphs,  provide  flood  protection  to  50>  of  the  area  sub“ 
Ject  to  flooding.  The  measures  are  located  principally  along  the  main 
river  channels  in  the  Sacramento  Valley.  Very  little  of  the  tributary  area 
has  flood  protection  works  of  any  kind.  Many  of  the  tributary  flood  plains 
are  frequently  inundated,  and  sustain  a great  deal  of  damage  due  mainly 
to  high  crop  values.  In  other  areas,  land  is  not  used  to  its  highest 
capability  for  fear  of  flood  damage.  With  a few  exceptions,  the  degree  of 
protection  provided  by  existing  flood  control  measures  varies  from 
100"year  to  standard  project  flood  protection  in  urban  areas,  and  from 
10“  to  50"year  flood  protection  in  agrlcultvcral  areas. 
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Yuba  City, 


Decemhe r 


1955. 


(Corps  of  Engineers  Photo.) 


I’HOTO  SR- 1 1 


r 


Pnskcnt.i  Rridfiv  ,lcslroyr<l  by  record  Thonics  Creek  fl  oo,l  r I ovs  , December 
1964.  (Tehama  County  Photo.) 


PHOTO  SB-III 
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The  Federal"State  River  Forecast  Center  Sacramento  prepares  and  dis- 
tributes river  and  flood  forecasts.  These  inclvide;  1)  Inflow  to  the 
major  structures  such  as  Shasta  and  Orovllle  Dams,  2)  routing  of  flow 
downstream  where  both  forecasts  of  flow  and  stage  height  are  made  for 
significant  points,  3)  forecasts  of  flow  into  the  Sutter  and  Yolo  Bypass 
systems,  and  4)  stage  forecasts  on  tributary  streams. 

Flood  problem  areas  in  the  Sacramento  Basin  Siibregion  are  quite  varied. 
Though  the  bypass  systems  are  designed  to  divert  large  quantities  of  water 
during  high  water  periods,  forecasts  of  overflow  at  the  weirs  are  required 
so  that  livestock  and  equipment  can  be  moved  to  higher  ground. 

Forecasts  of  local  flow  in  the  reaches  below  Shasta,  Orovllle,  and 
Bullards  Bar  Deuds  are  required  for  scheduling  releases  from  these  struc- 
tures so  that  the  flood  hazard  can  be  reduced.  Other  areas  of  concern 
are  along  the  main  stem  of  Sacramento  River  where  marinas  suid  other  facil- 
ities located  Inside  the  levees  are  subject  to  high  water  Inundation.  The 
forecasting  points  are  shown  on  Map  4. 

Kbjor  existing  flood  control  storage  projects  In  the  subregion  are 
operated  to  provide  a maximum  of  2,008,000  acre-feet  of  flood  control  stor- 
age during  the  most  critical  flood  situations.  These  projects  are: 


Stvidy  area 


: Flood  : 

: control  : Drainage 
Strescn  : capacity  ; area 

:(ac.-ft. ) :(sq,  miles' 


Sacramento  River  Basin 

above  Shasta  Dam  Shasta  Lake  Sacramento  River  1,300,000  6,421 


Stony  Creek  Basin  Black  Butte  Stony  Creek 


Feather  River  Basin  Orovllle 


American  River  Basin  Folsom 


Feather  River 


American  River 


150.000  740 

155.000 
(1965) 

750.000  3,611 
(1968) 

400.000  1,861 


Putah  Creek  Basin  Lake  Berryessa 

(Montlcello 

Dam)  Putsdi  Creek  ^ 566 

IT  No  specific  flood  control  space,  but  flood  control  is  a designated 
function  utilizing  surcharge  storage  (300,000  ac.-ft.)  because  outlet 
works  have  limited  capacity. 


These  projects  are  shown  on  Map  3 and  the  three  largest  reservoirs  In 
the  sxibregion  are  shown  in  Photos  SB“IV,  SB"V,  and  SB“VI. 

Other  reseinroirs  in  the  sxibreglon,  though  not  having  flood  control 
as  a designated  function,  provide  Incidental,  but  often  significant, 
flood  control  benefits.  Major  reservoirs  of  this  type  are: 


Reservoir 

• 

• 

: Stream 

• 

• 

: Constructing  agency 

Whlskeytown 

Clear  & Spring  Creeks 

Bureau  of  Reclamation 

Bowman 

Canyon  Creek 

Nevada  Irrigation  Dlst. 

Camp  Far  West 

Bear  River 

South  Sutter  Mater  Dlst. 

Clear  Lake  Improvement  Cache  Creek 

Clear  Lake  Water  Co. 

Jackson  Meadows 

Middle  Yuba  River 

Nevada  Irrigation  Dlst. 

L.  L.  Anderson 

Middle  Fork  American  R. 

Placer  Co.  Water  Agency 

Lake  Almanor 

N,  Fork  Feather  River 

Pacific  Gas  & Electric  Co. 

Lake  Spaulding 

S.  Fork  Yuba  River 

Pacific  Gas  & Electric  Co. 

Little  Grass  Valley 

S.  Fork  Feather  River 

Orovllle  Wyandotte 
Irrigation  Dlst. 

Loon  Lake 

Gerle  Creek 

Sacramento  Municipal 
Utility  Dlst. 

Lower  Hell  Hole  ^ 

Rubicon  River 

Placer  Co.  Water  Agency 

Rollins 

Bear  River 

Nevada  Irrigation  Dlst. 

Sly  Creek 

Lost  Creek 

Orovllle  Wyandotte 
Irrigation  Dlst. 

Union  Valley 

Silver  Creek 

Sacramento  Municipal 
Utility  Dlst. 

Virginia  Ranch 

Dry  Creek 

Browns  Valley  Irrigation 
Dlst. 

ly  Partly  completed  1965. 


An  extensively  developed  system  of  851  miles  of  flood  control  levees, 
channels,  and  bypasses  Is  another  element  in  the  overall  flood  control 
progrsun  of  the  siobreglon.  Most  of  this  Integrated,  continuous,  system 
Is  part  of  the  Sacramento  River  Flood  Control  Project  a Federalnon" 
Federal~private  Interest  undertaking.  These  features  are  Indicated  on 
Map  3 and  data  concerning  the  existing  (1965)  levee  and  channel  projects 
are  contained  In  Table  7. 


IJ  As  supplemented  and  extended  by  the  Sacramento  River  and  Major  and  Minor 
Tributaries  Project  and  the  Sacramento  River  Bank  Protection  Project. 
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rict'in  River  tUirin^  the  December  1964  flood 
ter  Resources  Photo,) 


PHOTO  SB- IV 


Shiistn  Dnm  on  Snc  rnmcnt  o River*  ( Btiremi  of  Rec  I nmn  t ion  Photo*  ) 


PHOTO  SR-V 


(Depnrtmcnt  of  Hr?  f r r 


Oroville  Dnm  ,ind  Reservoir  on  Fenther  River 
Resources  Photo*) 


PHOTO  SB- VI 


Vlatershed  treatment  areas  In  the  subregion  supplement  the  other  measures 
discussed  previously.  The  Adobe  Creek  Watershed  Project  near  Clear  Lake  Is 
an  excellent  example.  The  Installation  of  upstream  floodwater  retarding 
structures  and  chsmnel  Improvement  structural  works  are  complemented  by 
non"structural  Isuvi  treatment  measures  Installed  throughout  the  watershed 
by  IndlvlduBLls . Some  of  these  practices  are  range  seeding,  fire  prevention 
and  suppression,  and  diversion  ditches. 

The  Flood  Plain  Management  Services  Program  Is  covered  In  detail  In 
the  Regional  Summary  of  this  appendix.  Flood  plain  Information  reports 
on  streams  In  northeastern  Sacramento  County;  the  Morrison  Creek  Stream 
Group;  Snodgrass  Slough  and  the  American,  Feather,  and  Yuba  Rivers 
have  been  completed.  Under  the  program,  flo^  hazard  Information  Is  being 
fiarnlshed  to  private  Interests  and  local  governmental  agencies  for  evalu- 
ating the  flood  hazards  associated  with  Individual  site  locations. 

In  the  Sacramento  Basin  Subregion,  the  accomplishments  of  the  existing 
flood  control  Improvements  (and  other  measxares  that  provide  Incidental 
flood  control  benefits)  have  been  substantial.  They  have  functioned 
effectively  to  reduce  floodflows  and  flood  damage.  The  flood  control  sys- 
tem existing  In  1965  would  have  prevented  $75  million  In  flood  damages 
during  the  1950  flood;  $160  million  In  flood  damages  during  the  1955  flood; 
and  prevented  $274  million  In  damages  during  the  1964-1965  flood.  It  Is 
estimated  that,  on  the  average,  existing  measures  prevent  flood  damages 
In  excess  of  $25  million  annually.  Additional  details  are  Included  In 
Table  2. 

Although  the  existing  flood  control  measxnres  have  functioned  effec- 
tively, flood  problems  still  exist  In  some  areas.  (See  tabulation.  Page 
SB-0. ) The  problems  are  especially  serloixs  on  streams  of  the  Redding 
Stream  Group;  In  Colusa  and  Butte  Basins;  and  along  the  Sacreunento,  Fea- 
ther, Yuba,  Bear,  and  American  Rivers. 

Damages  from  erosion  In  this  svibreglon  are  substantial,  with  7,850 
miles  of  channel  subject  to  some  streant»ank  erosion,  of  which  740  miles 
are  considered  "serious".  Such  damages,  res\iltlng  primarily  from  high 
velocity  flows,  average  In  excess  of  $150,000  annually.  Average  land  loss 
from  channel  bEinks  sloughing  amounts  to  about  250  acres  annually,  mostly 
In  rural  areas.  The  Sacramento  River  Bank  Protection  Project  Is  directed 
towards  restoring  eroded  banks  and  levees  Euid  prevention  of  further  erosion. 
Sheet  erosion  Is  a problem  on  delta  fsuis  approaching  the  valley  floor. 

This  type  of  erosion  Is  generated  by  high  flow  rates  on  unconflned  stream- 
beds  and  Is  particularly  destructive  to  uncropped  agricultural  lands.  (See 
Tables  1,3  and  4 for  flood  damage  categories,  some  of  which  Index  the 
magnitude  of  the  erosion  problem). 


^ The  study  areas  for  the  Morrison  Creek  Stream  Group  and  Snodgrass 
Slough  reports  overlap  Into  the  Delta-Central  Subregion. 
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The  aforementioned  flood  problems  result  in  the  following  average  annual 
damages. 


Study  area 


; Estimated  average 
; annual  damages  ($1,000)  1/ 


Sacramento  River  basin  above  Shasta  Dam  1,593  ^ 

Sacramento  River -Shasta  Dam  to  Sacramento  716 

Redding  Stream  Group  626 

Middle  Sacramento  River  Tributarles- 

Eastslde  271 

Middle  Sacramento  River  Tributaries" 

Westside  389 

Stony  Creek  Basin  303 

Butte  Basin  841 

Colusa  Basin  & Tributary  Streams  674 

Featner  River  Basin  3,117 

Yuba  River  Basin  706 

Bear  River  Basin  1,529 

Coon  Creek  Stream  Group  233 

American  River  Basin  1,794 

Cache  Creek  Basin  550 

Putah  Creek  Basin  134 

Morrison  Creek  Stream  Group  125 

Project  Bypass  in  Sacramento  Basin  4 


Total  Sacramento  Basin  Subregion  13,605 


^ Based  on  1965  prices,  economic  conditions,  and  project  conditions. 

2/  Includes  $451,000  in  the  State  of  Oregon. 

Additional  details  are  contained  in  Tables  3 and  4 for  the  svibregion 
as  a whole  and  in  Table  9 for  urban  areas.  Major  urban  damage  centers  and 
areas  of  the  subregion  subject  to  flooding  are  shown  on  Map  4. 

Future  Needs 

It  is  evident  from  an  examination  of  the  ciirrent  (1965)  flood  problems 
that  additional  flood  control  measures  are  required.  It  is  estimated  that 
average  annual  flood  damages  in  the  subregion  (based  on  1965  prices  and 
conditions)  amount  to  $13.6  million.  The  flood  problems  of  the  area  will 
increase  in  the  future  due  to  the  pressures  of  population  and  economic 
growth  and  resultant  Increases  in  use  of  flood  plains.  The  population  of 
the  Sacramento  Basin  Subregion  is  projected  to  increase  from  1,089,000  in 
1965  to  1,534,000  in  1980,  2,742,000  in  2000  and  4,977,000  in  2020  (base 
plan  projections ) . Average  annual  flood  damages  are  estimated  to  increase 
as  follows  if  additional  flood  control  measures  are  not  provided: 
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Projected  Average  Annual  Flood  Damages  ($Milllon) 


State 

by  1980 

by  2000 

by  2020 

California 

20.2 

37.0 

82.0 

Oregon 

0.7 

1.2 

2.3 

Subregion  Total 

20.9 

38.2 

84.3 

Estimated  damage  data  for  existing  and  futiire  conditions  are  contained  in 
Table  5 and  9a. 


Measures  Required  to  Satisfy  Future  Needs 

Improved  flood  forecasting  will  be  a necessary  part  of  a comprehensive 
flood  control  program.  The  optimum  operation  of  flood  control  projects  can 
only  be  approached  by  a well-coordinated  system  of  forecasting.  Updated 
forecast  procedures  as  well  as  additional  development  of  procedures  to 
accommodate  new  projects  will  be  required.  New  hydrologic  data  networks 
and  telemetry  will  be  necessary  to  improve  the  quality  of  the  forecasts 
and  to  aid  in  the  coordinated  operation  of  projects.  Costs  of  the  re- 
quired Improvements  to  the  flood  forecasting  system  are  estimated  as  fol- 
lows : 


Cost  of 

State 

California 

Oregon 

Subregion  Total 


Flood  Forecasting  Measures  ($1,000) 


1966-1980 

1.389 
1 

1.390 


1981-2000 

1.129 
1 

1.130 


2001-2020 

1.089 

1 

1.090 


Floodwater  storage  in  reservoirs  and  detention  structures  will  be  an 
ImportEUit  element  of  the  future  flood  control  program.  An  additional 
2,961,000  acre-feet  of  flood  control  capacity  as  shown  in  the  following 
tabulation  is  required  in  the  subregion  to  satisfy  futxire  needs. 


: Flood  : 

Study  area/  : 

: control  : Drainage 

time  frame  : 

Reservoir 

Stream 

: capacity  : area 

in  which  needed  ; 

: (ac.-ft.  ):(sq.  miles) 

Sacramento  River  Basin 
above  Shasta  Dam  l/ 


1966-1980 

Detention 

Structures 

(6) 

1981-2000 

Allen  Camp 

1981-2000 

Detention 

Structures 

(4) 

2001-2020 

Detention 

Structures 

(3) 

(Various ) 

14,000 

1/ 

182 

Pit  River 

60,000 

1,550 

(Various ) 

13,000 

913 

(Various ) 

7,000 

U 

180 
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study  area/ 
time  frame 
in  which  needed 


Reservoir 


1 


• 

« 

study  area/  : 

: control 

: Drainage 

time  frame  : Reservoir 

: Stream 

: capacity 

: area 

in  which  needed  : 

: (ac.-ft.) 

Ht.-l.IBi.lH4.il 

Redding  Stream  Group 


1966-1980 

Dutch  Gulch 

Cottonwood  Creek 

250,000 

392 

1966-1980 

Tehama 

Cottonwood  Creek 

250,000 

382 

1981-2000 

Saeltzer 

Clear  Creek 

90,000 

235 

1981-2000 

Bella  Vista, 

Cow  Sc 

Mlllvlllito 

Bear  Creeks 

125,000 

283 

1981-2000 

Wing 

Inks,  Battle  & 

Paynes  Creeks 

80,000 

461 

1981-2000 

Detention 

Structures  (lO) 

(Various ) 

29,000 

91 

2001-2020 

Oak,  Clover 

Cow  Sc  Bear  Creeks 

32,000 

82 

2001-2020 

Detention 

Structures  (2 ) 

(Various ) 

5,000 

13 

Middle  Sacreimento 

River 

Tr lb  utar 1 e s -East  side 

1981-2000 

Belle-Mill 

Antelope  Creek 

39,000 

153 

1981-2000 

Crown 

Mill -Deer  Creek 

20,000 

62 

1981-2000 

Sycamore 

Big  Chico  Creek 

30,000 

70 

1981-2000 

Detention 

Structures  ( 7 ) 

(Various ) 

38,000 

310 

Middle  Sacramento 

River 

Trlbutaries-Vtestslde 

1966-1980 

Paakenta 

Thornes  Creek 

80,000 

194 

1981-2000 

Galatln 

Elder  Creek 

25,000 

93 

1981-2000 

Detention 

Structure 

( No  Name ) 

1,000 

5 

2001-2020 

Schoenfield 

Red  Bank  Creek 

12,000 

47 

2001-2020 

Detention 

Structures  (2) 

(Various ) 

11,000 

37 

Stony  Creek  Basin 

2001 -2020 

Detention 

Structures  ( 6 ) 

(Various ) 

8,000 

72 

Colusa  Basin  and 

Tributary  Streams 

1981-2000 

Detention 

Structures  (21 ) 

(Various ) 

39,000 

246 

2001-2020 

Detention 

Structure 

(No  Name) 

2,000 

37 
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Stxjdy  area/ 
time  frame 
in  which  needed 

: Reservoir 

: Stream 

: Flood 

: control 
: capacity 
: (ac.-ft.) 

: Drainage 
: Eirea 

:(sq.  miles) 

Butte  Basin  and 
Tributary  Streams 

1981-2000 

Covered  Bridge 

Butte  Creek 

30,000 

148 

1981-2000 

Detention 
Structxjres  (4) 

(Various ) 

17,000 

55 

Feather  River  Basin 

1966-1980  Oroville  3/  5/ 

Feather  River 

595,000 

3,611 

1966-1980 

Detention 

Structure 

(No  Name) 

5,000 

34 

1981-2000 

Detention 
Structures  ( 6 ) 

(Various ) 

21,000 

120 

2001-2020 

Detention 
Structures  (ll) 

(Various ) 

23,000 

148 

Yuba  River  Basin 

1966~198T' 

Marysville 

Yuba  River 

260,000 

1,324 

1966-1980 

New  Bullards  Bar^Yuba  River 

170,000 

487 

Bear  River  Basin 

1981-2000 

Garden  Bar 

Bear  River 

125,000 

286 

1981-2000 

Detention 
Structures  (3) 

(Various ) 

7,000 

89 

2001-2020 

Spenceville 

Dry  Creek 

25,000 

57 

Coon  Creek  Stream 
1966-1980 

Group 
Detention 
Structures  (3) 

(Various ) 

11,000 

167 

American  River  Basin 
1966-1980  ^ Auburn 

American  River 

250,000 

982 

Cache  Creek  Basin 

1966-1980 

Detention 

Structure 

( No  Name ) 

2,000 

11 

1966-1980 

Lakeport 

Scotts  Creek 

24,000 

53 

1981-2000 

Indian  Valley 

Cache  Creek 

40,000 

121 

1981-2000 

Wilson  Valley 
(Blue  Ridge ) 

Cache  Creek 

65,000 

801 

1981-2000 

Detention 
Structures  (8) 

(Various) 

6,000 

30 

2001-2020 

Kelseyvllle 

Cache  Creek 

5,000 

36 
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Study  area/ 
time  frame 
In  which  needed 

Reservoir 

: Stream 

Flood 

control 

capacity 

(ac.-fto 

: Drainage 
: area 

):(sq.  miles) 

Putah  Creek  Basin 
1966-1980 

Detention 

Structure 

( No  Name ) 

2,000 

30 

1981-2000 

Detention 
Structures  (6) 

(Various ) 

9,000 

36 

Morrison  Creek 
Stream  Group 
1966-1980 

Total 

Vineyard 

Elder  and  Lagvu.'i.v 
Creeks 

9,000 

2,961,000 

37 

ly  Includes  7,000  ac-ft  in  State  of  Oregon. 

2y'  State  of  Oregon. 

^ Orovllle  Reservoir  partially  completed  1965  (155,000  ac~ft).  Total 
flood  control  capacity  750,000  ac“ft. 

^ Under  construction  or  funded  for  construction  as  of  FY  1970. 

^ Completed. 

The  reservoirs  listed  above  are  shown  on  Map  3 and  additional  Information 
on  flood  control  storage  Is  contained  In  Table  6. 

bests  for  additional  flood  control  capacity  are  estimated  as  follows: 

Costs  of  Additional  Reservoirs  ($MllHon) 


State 

1966-1980 

1981-2000 

2001-2020 

California 

187.7 

203.4 

21.7 

Oregon 

2.1 

0.0 

3.3 

Subregion  Total 

189.8 

203.4 

25.0 

In  addition,  preliminary  studies  Indicate  that  levee  and  channel  work 
la  desirable  In  the  following  areas  of  the  subregion: 
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study  area 


Levees 
Bank  Miles ) 


Channels 
(Miles ) 


3acr«nv»nto  River  Basin  above 
Shasta  Dam 

1966-1980  1 3 

1981-aOOO  0 44 

2001 -aoao  25  25 

Sacraoento  River -Shasta  Dam 
to  Sacramento 

1966-1980  0 3 

2001-2020  48  0 

Redding  Stream  Group 

1966-1980  2 17 

1981-2000  0 1 

Middle  Sacramento  River 
Trlbutarles-Eastslde 

1966-1980  0 5 

1981-2000  15  5 

2001-2020  28  0 

Middle  Sacramento  River 
Tributaries -Westslde 

1981-2000  12  10 

Colusa  Basin  and 
Tributary  Streams 

1981-2000  29  15 

2001-2020  0 4 

Butte  Basin  and 
Tributary  Streajms 

1981-2000  1 33 

2001-2020  48  0 

Feather  River  Basin 

1966-1980  11  7 

2001-2020  15  9 

Bear  River  Basin 

2001-2020  3 4 

Coon  Creek  Stream  Group 

2001-2020  15  5 
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Study  area  : 

Levees  : 

(Bank  Miles)  ; 

Channels 

(Miles) 

Cache  Creek  Basin 

1966-1980 

0 

36 

1981-2000 

0 

4 

I'utah  Creek  Basin 

1966-1980 

0 

10 

Morrison  Creek  Stream  Group 

1966-1980 

60 

92 

Total 

313 

332 

The  approxinate  location  of  levees  and  channel  work  Is  indicated  on  Map 
3 and  additional  details  are  Included  in  Table  7.  The  estimated  costs 
for  required  levee  and  channel  work  are  $40.5  million  for  the  1966“1980 
period,  $11.5  million  for  the  D‘^Pl-2000  period,  and  $27.9  million  for 
the  2001-2020  period. 


The  structural  measures  which  have  been  Inclik'.ed  in  the  preceding 
paragraphs  will  be  complemented  by  non“structural  land  treatment  measures. 
Within  this  subregion  conditions  span  the  full  spectrum  of  soils,  climate 
and  geology.  Consequently,  most  of  the  land  treatment  practices  listed 
in  the  Regional  Summary  of  this  appendix  will  be  applicable.  Map  3 
shows  potential  watershed  land  treatment  areas.  Estimated  costs  and 
acres  of  land  treatment  measures  are  summarized  below. 


Land  Treatme nt 


1966-1960 


1981-2000 


2001-2020 


Thousand  acres 
California 
Oregon 


278 

(278) 

(0) 


645 

(530) 

(115) 


226 

(226) 

(0) 


Thousand  dollars  2,150 

California  (2,150) 

Oregon  ( 0 ) 


4,170 

(3,370) 

(800) 


2,590 

(2,590) 

(0) 


Flood  plain  zoning,  flood  proofing  and  other  non “structural  flood  plain 
management  measures  will  become  a greater  part  of  conmunlty  planning  in  the 
SB  Subregion  because  of  existing  and  anticipated  flood  problems.  Communities 
in  this  subregion  with  populations  in  excess  of  2,500  with  known  significant 
flood  problems  Include  Alturas,  Anderson,  Dunsraulr,  Redding,  Davis,  Dixon, 
Willows,  Red  Bluff,  Sarsunento,  Roseville,  Folsom,  Lincoln,  Grldley,  Quincy, 
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and  Grass  Valley.  Many  communities  with  expanding  populations  are  expected 
to  have  flood  problems  in  the  future,  and  will  be  studied  as  their  needs 
are  made  known.  Flood  plain  information  reports  for  Anderson,  Redding, 

Red  Bluff,  Roseville,  Lincoln  and  Quincy  are  scheduled  for  completion  by 
1980.  It  Is  anticipated  that  flood  plain  information  reports  for  the 
remaining  communities  named  above  will  be  completed  before  the  year  2000. 
Comprehensive  flood  damage  prevention  planning  and  implementation  of  flood 
plain  management  measures  would  follow  in  each  flood  problem  area  identified. 

Damage  reduction  attributable  to  non~structural  flood  plain  measures 
is  shown  in  Table  9b.  The  Redding  Stream  Group  and  the  American  River  Basin 
are  the  principal  areas  where  such  measures  are  considered  to  be  applicable. 
Approximately  155  stream  miles  would  be  suitable  for  the  non~structural 
flood  plain  nanagement  measures.  Estimated  costs  for  futxire  flood  plain 
management  measxa*es  are  as  follows: 


Cost  of  Flood  Plain  Management  Measures  ($Milllon) 


State 

1966-1980 

1981-2000 

2001-2020 

California 

4.5 

6.6 

22.9 

Oregon 

0.0 

0.0 

0.0 

Subregion  Total 

4.5 

6.6 

22.9 

Potential  to  Satisfy  Future  Reeds 

The  flood  control  program  presented  herein,  would  reduce  projected  aver" 
age  annual  flood  damages  as  follows: 

Flood  Damage  Reduction  ($Million) 


State 

by  1980 

by  2000 

by  2020 

California 

8.3 

25.9 

68.1 

Oregon 

0.4 

0.7 

1.5 

Subregion  Total 

8.7 

26.6 

69.6 

The  total  Installation  cost  is  estimated  at  about  $238.3  million  for  the 
period  1966-1980,  $226.8  million  for  1981-2000,  and  $79.4  million  for 
2001-2020.  Estimated  euuiual  0^®cR  costs  for  the  1966-1980,  1981-2000  and 
2001-2020  portions  of  the  flood  control  program  are  $1.83  million,  $2.78 
million  and  $2.65  million.  (See  Tables  10,  10a  and  10b).  The  effect  of 
the  potential  flood  control  program  on  future  damages  is  in  Table  8 and 
shown  graphically  on  Figure  SB-1,  and  its  effect  on  flood  flows  is  shown 
in  Table  11. 
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Domog*  Reduction  due  to  Z 001  - 2020  Flood  Control  Program 

Domoge  Reduction  due  to  I98l  - 2000  Flood  Control  Progrom 

Damage  Reduction  due  to  I966-I?80  Flood  Control  Progrom 

8etiduol  Damage 

CAL!  FORM  I A REGION 
COMPREHENSIVE  FRAMEWORK  STUDY 

PROJECTED  AVERAGE  ANNUAL  FLOOD  DAMAGES 

(1965  PRICES  AND  PROJECT  CONDITIONS-DATA  FROM  TABLES  5 4 81 
APPENDIX  IX  FIGURE  SB-1 


TABLE  I 


PlAf. 


SACRAMEKTC  BASIN  StffiR^SICK  OP  THE  CAUPCRNU  REGION 
Historical  Flood  ttota 


St  jdy  Area 

Flood  : Location/ 

: flow 

: (efs^ 

; Area  : rlrvirt  e.ia..ei  1/  . (tl.oorl 

Inundated:  Forest  : Forest 
(1,000  : A ra.n«^e  : A ran^ie 

acres'  :resourees:fa(*U  :t'es: 

Crop  : Other 

A : eu^tcul- 

Msture  : tuiaX 

Land 

Residential: Industrial 
A : A 

Putllc  : Total 
facilities: 

1 

2 ! 3 

4 : 5 : 6 • 

7 : 0 

9 

1C  : 11 

1£ i_ii_ 

Sa raise rit.'  S',  ^er  !a*;r. 
a^  A?  Shaata  ISun 

0ec55 

Shasta  Inflow 
195,000 

(Outflow  46,800) 

2C 

7 

1,269 

13 

66 

62 

31 

M 

165 

1,7C1 

0ec64 

Shasta  Inflow 
107, OCC 

fOutflvTw  54,50C 

54 

50 

1,372 

43 

227 

212 

232 

2,000 

1,2^1 

5,317 

ja;raier.*  =»; -Jljista 

!la;raaer.-. 

F“b4C 

Ord  F»rry 
370,000 

44 

0 

225 

2C7 

191 

270 

l« 

60  5 

1,590 

Decf)5 

Ord  Ferry 
170,000 

41 

0 

0 

199 

193 

176 

14 

4f> 

576 

l,20€ 

F-b56 

Ord  F«»rry 
240, OC 

32 

0 

0 

516 

502 

457 

102 

4<= 

fi60 

2,511 

>c64 

Ord  Ferry 
106,000 

44 

0 

0 

556 

449 

VI 

5V 

37 

l,4'='5 

5,416 

■^•i.llnai  5*r*aT.  Ir-jr 

DecSS 

Cottonwood  Cr. 

6.0 

1 

50 

19 

01 

76 

5 

17 

1.7 

36f 

nr.  Cottonwood 
49,000 


>cA4  Cottonwood  Or.  5.9  L 55  44  165  167  fi?  i,C66  i,65? 

nr.  Cottonwood 
6C',50i' 


jfccrii.'yr.t  Blver 


Tr  .•artes-"a  j*.  a le 

Jan65 

31g  Chico  CreeK 

*.8 

0 

20 

6t' 

12 

17 

42 

2? 

7''4 

nr.  CMco 
9,5U' 

'':i!l*  ia 'ra.*aer*..-  91-. 

• er 

0ec64 

Thome  3 Creek 

9.8 

0 

341 

211 

26C 

589 

56 

455 

1,^9*^ 

- 

at  I^skente 
57,800 

Creei*. 

Fe&4A 

C^iicnown 

2C.9 

0 

63 

Iv'^ 

63 

UO 

9 

173 

20c 

F-566 

Black  Butte  sUe 
36,300 

10.0 

0 

290 

15 

i: 

21 

737 

>c64 

fllacK  Butte 
Inflow  47,0L'0 
< Outflow  19,  30i' 

3.1 

c 

472 

6 

44 

44 

0 

6 

542 

:,i;4 

jse  *^3'  r.  ar  • 
TYl‘‘itar‘/  Strea--. 

F-bS0 

Willow  Creek 
14,00C 

80.0 

0 

0 

754 

2Cl 

SC 

0 

c 

212 

1,217 

• te  ."asln  a.".  1 
rr'r.tai-v  .~*reaff:< 

Fhr  7 

Butte  Creek  nr. 
Chico  27, .no 

No 

lannwe  lata 

availaHe 

FehrtA 

Butte  Creek  nr. 
CMco  9,1  ' 

lll.C 

c 

0 

544 

449 

'60 

0 

7 

i3 

1,490 

nec64 

‘ jtte  Creek  nr. 
Chico  21,200 

IOC. 4 

0 

0 

351 

27  3 

223 

6 

61 

*67 

Feather  *-Iver  Basin 

>cf.5 

At  Orovllle 
2C3,1'00 

IOC.2 

32 

2,199 

20,9(  3 

42 

2t 

13,903 

3,**V 

12,046 

63,  796 

Dec64 

Orovllle  Inflow 
250,000 

( Outflow  i50,OuO) 

27.1 

IS 

2,227 

2,537 

50 

26 

101 

399 

;,641 

ft,  ->6 

Y^ra  River  Basin 

Nov-Dec 

50 

^nftlel-rUht 
Inflow  107,000 
(Outflow  107,000) 

43.4 

0 

579 

215 

167 

127 

1,909 

123 

*,434 

4,614 

a*c5S 

^n«lehrl«ht 
Inflow  159,1X10 
(Outflow  153,000' 

4.4 

0 

970 

162 

127 

97 

153 

592 

2,l«9 

4,090 

.Tan-Feh 

A3 

Fn*?lehrlnht 
Inflow  150,  .XC 

4.4 

0 

978 

74 

50 

44 

54(' 

93 

i,«44 

3,431 

^Outflow  150,'W 


>c64 

InflTw  *■’6,  •OO 
(Outflow  171,000' 

4.7 

0 

1, 13? 

1Y6 

64 

64 

1— r 

Oac55 

Near  '•^>eatlan>1 
33,000 

12.5 

0 

0 

239 

KO 

54? 

r-efc.  .'rr-ax 

Jets? 

At  Hwy  -igr 
7,500 

17.2 

0 

0 

196 

2? 

19 

Jar\o7 

’Unknown 

7.7 

0 

0 

37 

0 

0 

hr. 

NovbO 

At  Polsoie 
210,000 

9.1 

0 

1,796 

35C 

ISi.' 

1?  1 

>c64 

Poison  Inflow 
?6C,01O 

(Outflow  145,000' 

3.6 

9 

2,395 

13 

c 

0 

Fe'SAC' 

Near  -apay 
5?,00r 

No 

daaa#?e  breakdown 

available 

K»t68 

Near  >ipay 
5l,60C 

27.2 

0 

226 

45.' 

50 

47 

>cM 

Near  Oapay 
5?,9.-X' 

16.2 

0 

99 

45<' 

3C 

"re^R.  ':«3:'; 

F«b4(' 

Montlcello 

Iteasite  61,000 

No 

breanriown 

available 

Febf3 

Montlcello  IteB 
66,  XO 

C.4 

0 

C 

4 

5 

2 

;r.  rr»-k 

>c5.S 

Morrison  Cpe^k 
nr.  larraaer.'.o 
1,300 

8.3 

C 

0 

UC 

4 

9 

F»b5#» 

Morrison  Creek 
nr.  Sacrtenent ' 
l,2it 

10.6 

0 

0 

15C 

IC 

19 

0ct6? 

Morrison  Cre^K 
nr.  Sacra.’*'!*", 
1,300 

6.0 

0 

0 

IT 

5 

11 

: VD«9s  Ir. 

'ten.  7 

Yolo  a*  Lisbon 
429,  .tv- 

Nc 

lanawe  lata  available 

>cS5 

Yolo  at  Lisbon 
310, -00 

P3.7 

0 

0 

306 

C 

a»c*4 

Yolo  at  Lisbon 
370,  XX 

P2.4 

0 

' 

1,253 

0 

0 

TABl^!  2 


PlAM 


SACfUmWTC  BASIN  SUPIWOION  OF  TH»!  CAUTOWIA  REGION 
Flood  D&aa^e  ^ 


Location/ 


Total  daimgg»  - 


flow 

At  tlae  of  flood 

^1 1 i'Wi'1'1,'.'.  n».r-n*nr«.«SMj!nm— 

( efa' 

Actual 

laaa^ie 

: Daaage  without  : 
: flood  control  : 
: orolecta 

tlasage  preventad  : 
by  flood  control  : 
uro.’ects  4/  : 

- 

: ? i 

•^ora.'aer.t  •■  Rlv'^r  ?ks 
a*~  'V  S>.aa»a  ra^ 


Dee64  Shasta  Inflow 
167,000 

(Outflow  54,500' 


5,517 


-iav  rnrif nt'>  R'.-.-?r-at;agta 
:]ar:  t • faorn.-irrt  ^ 


^•11*- -•itrea~  'r 3up 


y*Ml»  Sacrampr*.^  R{ 
Trlb-itarles-^ayt?'!  V 


V. -lil*  ^crarier.»-~  RU< 
?r‘.5ijtarie3-w.»8tffMc 


Tan:.  1^3  1 


:<Iasa  Baslr.  ani 
r!^utary  j 


itar>'  3tr»ar.8 


’•atT-.T  R;\t  ?a8lr. 


Y..*--a  R!v»r  Bas'.r. 


^ar  Rt'-cr  Paai: 


~3-r.  Sr.r»aa 


'r'jf 

A:nr  r ca.r  R '.  • 

.-r  -<as':. 

~a=;a  Tr-e- 

rasin 

Pjtal.  ';-*e< 

9bh'-. 

Wc'rriJ'r  >■ 

*•«  Streax 

tT  :r;.  !n 

la*raf>»n*  -■  5a-* ' • 


5,517 


5,517  5,517 


Dec64 

Ord  Perry 
186,000 

5,416 

81,491 

70,075 

5,416 

81,  491 

78, '‘’75 

Drc64 

Cottonwood  Creek 
nr.  Cottonwxjd 

6r,cxv 

1,63? 

1,65? 

C 

1,63? 

1,65? 

0 

Jan  65 

Big  Chico  Creek 
nr.  Chico 
9,500 

9?7 

?,5«P 

1,661 

9?7 

?,  588 

1,661 

>c64 

ThcoBS  Creek 
nr.  F^skenta 
37,800 

?,ft09 

4,P70 

1,461 

?,8'79 

4,270 

l,4fl 

r>c64 

Black  Butte 
Inflow  47,000 
(Outflow  19,500' 

1, 114 

1,675 

559 

1, 1.4 

1,675 

559 

Febse 

Willow  Creek 
14,000 

1,?17 

1,?17 

1,?94 

1,?94 

0 

>CP4 

Butte  Creek 
nr.  Chico 
?i,20r 

1,061 

5,916 

4,855 

5,91€ 

4,  e.’s 

0ec64 

Orovllle  Inflow 
?sc,ooo 

(Outflow  158,000'' 

8,076 

71,4  74 

65,  5‘W 

8,-:'76 

71,474 

65, ^98 

9ec64 

Fnglebright 
Infl-w  176,000 
(outflow  171,000) 

5,657 

3,657 

0 

5, 657 

3,  657 

C 

r>ec5S 

Near  ‘Wheatland 
55,00 

1,977 

4,756 

?,779 

?,708 

6, 706 

5,918 

Gct6? 

At  Hwy  79* 
7,50i^ 

?8C 

?flO 

0 

5?4 

V4 

0 

!>c64 

At  Folsoei 
P8(',OOC 

(Outflow  115,000' 

4,9?1 

51,849 

46,9?P 

4,9?1 

51,849 

46,928 

FebS6 

Near  “apay 

5l,6i''‘' 

?,<.T65 

?,4^'l 

546 

?,19? 

2,604 

412 

Feb63 

Monticello  Inflow 
86,000 
(Outflow  iO' 

76 

1,  IPS 

1,C49 

8? 

1,216 

1,154 

^.'ct6P 

Morrisan  Creek 
nr.  lacrament? 
1,501'' 

ifl 

161 

0 

180 

IflO 

0 

>c64 

Yolo  at  Lisbon 
tTo^-Vir 

5,  579 

',599 

0 

5,  599 

5,599 

0 

, t-h  data 

1 are  availpble. 

•^ta  hasM  on  prices  an1  proleet  and  economic  conditions  at  tlw  of  occurrence  of  flood, 
r^ta  haael  in  r^cirr^nee  of  original  flood. 

Coloar  6 - col’ijw  5 - '•nl’jwi  4. 

Col'iflsi  9 • col  uai  « - coluan  7. 

Incl'jde.'  ?4  ,vv^-ifir  flood  lasac^s  pr*vrnted  by  Shasta 


June  1971 


t 


Has*  Plan 


TAPL*:  ' 

SACRMCvr*'  *yv;:iN  or  tk*:  caiipornia  rf'jion 


FIckv!  r^niu*  for 
tM«*  1 “'-Y^ar  Py^iuenry  Flood  ^ 
for  Sel^ctad  Streams 


5*.  il'.  area 
.St  r*ar. 

Area 

lnun.late-1 

( i,  100 

acres) 

Floal  .lasae  ?/  - (fl.rv'" 

F.Trest 
& rarve 

resources 

Forest 

a ra.’wte 
fac  5 1 ; t les 

•'rop 

& 

oasture 

Other 

u«a-lcul- 

tural 

land 

Res  1 •lent  la  1 : 
1. 

coamerclal 

Industrial 

& 

utilities 

Punic 

facilities 

Total 

P 

5 

4 

6 

7 

; 

a 

*. 

'rararr.to  H ! v*r 


9 


.a  Tarf  ■••.  •"  v*r 

a.'ranrito  91\^r 

J*r*gr  ’.r-^up 
'■'».tonVi>->!  're*k 

*^*.iU*  ^.“ranr^^r-  River 
?r  *.b  t*ar*.*p-Ka3*  3*  i* 

-\r.*«l'pi»  >•*> 


i i'.-‘  <i  rftT-.'  ' •i'.vf'r 


7*  '.TBS  ?r**»c 


••  *r«?f  'a3‘.- 

St  •'ny  'r*nk 

~ vt  g-Ti 

;*ar-. 


15).  4 ■' 


l.t.' 


P7.9  0 


.-i»r  -a."  P*  v*r 
••■Br * ra.'-.  '■*t'.**r 


s /.  >«»..  asip 
'a  :r,r  'r***t 

P^,*a'  "r**^  «*»*• 

P-i*a-.  'r-*k 

^'-:rr’.sj-.  r**^  ir  ■ ic 

'^rr-'sor.  're*- 

Pr  •*'•  ;-/oa5s  '•  a rarB-.*. 

ja^^ 

Sut**r  ;'yi«*s 


?4.  ' 

Pf. 

?5. 

4.4 
54.  I 

5.5 
i.«.  • 


l«v>. - 


. ■>•  1%'!*  --  f-ir  TBrfr.'tjde  of  .'"'-year  fl'*ort  a*. 

^ -asBl  ;>n  July  1965  prlres,  eoonoeitc  conditions, 


l,\5f 

1,  'IP 

549 

06f 

661 

6*^1 

7, 196 

1,?17 

69«5 

SP4 

44? 

114 

1,6"1 

4,797 

ifr' 

6fi 

5-1 

?74 

6?? 

se 

1,564 

*,546 

46 

1,  IPI 

?V^ 

P? 

51 

179 

P?6 

?,6* 

*45 

4.5? 

56? 

5?5 

646 

1,’  7 

3,903 

1/'P6 

1 

64 

IIP 

ST 

5 

*41 

1,6'* 

0 

«39 

6P? 

713 

1,791 

636 

049 

5,45? 

i,-?7 

n49 

6V- 

P17 

?7 

56? 

?,  7h4 

^^ori 

P,  1*9 

14,66? 

5,??5 

15,9?5 

6?,  6 15 

:,?*7 

2ft5 

V*' 

e7-» 

4,  IPl 

i,4?5 

?,«16 

1 ,R5l 

P, 

',6CC 

5,76> 

54' 

I.P6T 

4,500 

IP,  000 

p 

i,  ^66 

7‘ 

?5 

1,166 

?,994 

44 

1 

469 

746 

’,64' 

P,01S 

56.5 

695 

IP* 

3P 

’,1*1 

35 

PIP 

5,177 

0 

551 

4- 

194 

po 

14* 

974 

0 

f.S 

16 

41 

?66 

49 

*5P 

P15 

0 

1,?55 

r 

O 

n 

17 

? *3*' 

*,60C 

rel*ct*d  stations, 
and  pro.'ect  conditions. 


June  1971 


SACRAMrrrt-i  rastn  subregioh  of  thf  caukorfia  RRcrow 

-'iuaairy  of  Fstlmat^d  kver^^  Annual  Flood  Dana^  f'Jr  Pr»*ent 
arel  Future  Condition*  of  ^conoalc  C^v^lopaent 
with  Bxl8tln«  Flood  Control  Me^aire* 


TAi)Lt  6 


base-  r <ar. 


SACRA«:.fro  hA5IN  S'JBKKJiON  OF  THE  CAUFX^NIA  RtXilOK 


Su.-»«ry  of  flood  Control  Capacity  for  Existing 
and  Future  Reaervolra 


^ .texlrT-u:  f.vo:  c..'r.trc-  cajjaclty.  >5es  not  Incl’Jde  surc.'ATtfe  atjra«re. 

^ Includes  only  roservolro  controllln£  tiie  10C*year  flood,  or  better,  at  tne  laaslte  aiove  lartar  areas  and  reservoirs  controlllntf  at 

lw”year  flood  at  tne  iaaslte  where  only  rural  areao  are  to  be  ;rotected. 


I 


Tneluiefl  ^nly  pro.'eots  giving  l'<^-v^r  flood  protection,  or  better,  to  urNwi  ar^s  an'*  at  least  10-year  flood  protection  to  a^jxlcultur^l  ar^s. 
Projects  Inelu'l*  associated  channel  work  tn  iiecpainent.''  rasln. 

June  1971 


r 


tabu:  e 

SACRAM'^NTO  BASIN  3UBR*:aiON  OF  THF  CALIFORNIA  RRGIOW 


Rst]{Bt«d  Averse  Annual  Flood  aamage  and  Reduction 

- Present  and  Future  FconoBilc  Conditions  - 


Total  daaages  • prices  (^l,OOOf~ 

gOOO  eeonoafc  eo^ltlons 


Study  area 
(principal  streaa) 


1965  eeanoatc 
A project 
conditions 


IPPO  eeonoale  eonlltlons 


TT7I955  : Reduction  In  : Residual 

project  daaa^s  due  *.  daasfle 

conditions  ; to  19W-IB80  ; U/ 

?'  :flood  control  !l<366*lneo 

5/  iirogr^  4/ 


: 2000  economic  conditions 

:^a9G6-l?8T'  : Reduction  In  : Resldi^ 


program  • 


ppogrSB 


dsaa^es  due  i damage 
: to  1981-2000  : W/ 

tflood  control  ;1981-200C. 

» V iprog^  5/ 


pfOgrM 


3ogO  econoalc  eondltlops 

: Reduction  In  : Residual 
prograa  dasages  due  : daMge 

t to  2001-2020  ; W/ 
:flood  control  :200l-2020 
» program  3/  iprpgraa  6/ 


:pr<y  ( 


Sa..Ta.'^n*..-~  9i\-r  I^sln 
ghmta  "ar 
^craaento  River' 

« • rare  n t w ♦ \ - r - 
Oa.t  to 

'■acrarient.i 

-^"•racient  River) 

Re11*.njC  ?tre€L-.  Vo 
•■',^tt ''nwrvxl  -*n«e 

VI.lIl'"  Sacranec*.  ^ 

River  Tyibutarlea- 

^astsH* 

Antelope  Creek) 

VIMle  :ia'"raaer.t  ~ 

River  TrlT jtar>s- 

Weatsl  le 

mea  Creek 


^tc'ny  •'reek ' 

■~1  :sa  Raal:-.  urvi 

TrJJ'utary  ^trea^.s 
Vlllcw 

r-  .tte  Raw  I:;  an' 
'»:tte  Rasin' 

Feather  River  MasI; 
'Father  River' 

ila  River  Rasin 
Hlver’ 

Dear  River  '.laalr, 
'Rear  River' 

?ree.<  ■‘Hr»-a.'n 
' Cr^  Jreek) 

•gacrl^nr.  River  ‘via 
■/cierlcan  River' 

'a:-\e  Creek 
Cache  Treek ' 

Cre-k  Baa  In 
'reek' 

ilirTlaon  'reen 


Ctreoa  7r-?:ir 

'rtorrlsM  Creek ) 


Sa?rar>-u*.^  *>ae'.i 


otal  iacramento 
Rasln  3'i>regi:)n 


11? 


1,529 


P,6T5 


2,  FFl 

654 

1,677 

2,536 

5V 

2,008 

3, 604 

677 

2,927 

1,127 

294 

P33 

1,885 

365 

1,500 

4,-84 

3, 109 

975 

1,0C5 

378 

625 

1,406 

785 

621 

1,444 

332 

1,  IIP 

F99 

55 

544 

609 

503 

106 

224 

0 

224 

6*' 6 

491 

115 

219 

80 

139 

334 

90 

244 

F5P 

1 

357 

4PP 

0 

488 

poe 

250 

550 

967 

2C3 

7 64 

1, 13P 

34*' 

798 

1,174 

102 

1,072 

1,552 

270 

1,634 

€15 

1,019 

2,265 

997 

1,26P 

4,7?5 

3,  743 

9R2 

1,511 

pos 

1,306 

2,567 

1,219 

1,340 

1,002 

53C 

4 7? 

573 

0 

573 

792 

0 

792 

2,295 

?,?P3 

3,99? 

3, 591 

401 

8P1 

224 

657 

4-^P 

29\" 

Ufl 

1P4 

136 

4P 

77 

0 

7? 

2,7RP 

1,1'5 

1,677 

2,437 

19P 

2,239 

3,6PC 

1,046 

2,652 

1,117 

29-' 

e?7 

2,043 

1,P45 

190 

523 

65 

4SP 

229 

17? 

56 

13P 

47 

91 

300 

126 

174 

PIP 

190 

?P 

60 

C 

60 

134 

0 

134 

6 

n 

6 

U 

14 

3*- 

e* 

3- 

2^,914 

P.66P 

12, 246 

2(',PS9 

9,260 

11, 

22,921 

P,247 

14,674 

. ^ F!«*irea  sh-am  In  col’urr”?  are  ^rtn  column  I''  of  "Dible  4 areT^e  also  shown  In  coluiwi  ? of  TWble  5. 

F{*r.ires  In  col-inr.  * ar-  from  column  t of  5. 

^ Inclulea  strietiral  and  non-structural  neasurea. 

4 Col'OT.  5 • coVion  F.  - coVusr.  4. 

^ Col  «mn  '*  • col  insn  6 - colusn 
« Column  II  - eoluwi  9 - column  ic. 


TABLF  9 

SACRAKKNTC  BASIN  SUBR":OIOH  OP  THE  CAUFDWIA  REGION 


Estimated  Avem^  Annual  Flood  Dama^f^  for  Urban 
Areas  with  Slujilf leant  flood  Problems 


Study  area,' 

Average  annual 

g>t?7.g.rrTTT«t*lKiai 

stream 

: center 

Residential 

Coanerclal  : 

Industrial  : 

& utilities  : 

Public 

facilities 

Total 

7 

■ River  Basin  ab--' 


Shasito__Cao 
Pit  River 
Sacramento  River 


Alturas 

Dunsnulr 


15 

0 


SO 

?1 


•Sa 'rawnto  River  and  Reddln^t 
Area  Stroaina 


An^lerson 

Redding 


0 

50 


?2 


16 

95 


TVlt  ’utarles-Eastslde 
Ohlco  Greek 


Green  Sitsln 


"'lisa  Hasir  arvl  IVtbutarY 
Streams 

Willow  Greek 

Streams 

?i^  Jhleo  Oreen 

Feather  River  Baelr. 

Feather  River 
Feather  River 
Feather  River 
Feather  River 

Yuha  River  I^sln 
Y'jba  River 


3ear_^RVj2£^J2iSlS 

Wclf  Greek 

A-nerlcar.  ^Iver  Basin 
American  River 
American  A Sacramento  Rivers 
Ory  Creek 

*ach<  "reek  Rasln 
Gache  Greek 


Orldley 

Quincy 

Orovllle 

Marysville 


Marysville 
Grass  Valley 


Folsom 

Sacramentr 

Roseville 


6? 

19 


0 

I 


5 

11 

?C6 


6 

910 

14 


Putah  Greek 
Dickson  Creek 


M<orrls'>r,  '*re*< 


Morr I son  Greek 

Total  Sa  :roment-c  Rasln  Subregion 


ravis 

Dixon 


6 

??6 


y 

645 


"2 
1,  TCf 


s are  based  on  July  1965  prices,  eccmonlc  condltltvne,  and  pro^ieet  conditions. 


I 


TABLP  9a 

SACRA>P!NTO  BASIN  SIJBOTGION  Of  1W  CAUPORNIA  REGION 


SuHBary  of  ’?st'uat«d  Average  Ar^ual  Flood  for  Urban  Areas  with  Sl^lflcant  Flood  Problen* 

- Present  and  Future  Conrtltlona  of  Fconottle  Developoent 
with  Fxlst!n#!  Fl>xx!  Control  Measurea  - 


Study  area/ 

Daaage 

Aversiie  armual  flood 

dasses  1'  - (fl.r-or^ 

streatn 

: center 

: 1965  economic 

: conditions  ?' 

: 199C  econoBde 

: ecnlltlons 

T ?000  economic 

: ctmdltlons 

economic 

1 

: 4 

4 

: 5 

f 

eoto  RUer  at-  ^ve 


Pit  River 
Sacramento  River 


Alturaa 

Dunanulr 


Rel.llru  St.-ea:;  irur 

■^craaien*c>  River  & Reddlr.^ 


Area  Streams 


Amderson 

Reddln*? 


'.tar'ea-Fastal  de 


Ch.lco 


•tony  'r-'ek 
i.-Vi  nas'.r  a. 


Tr!*‘jtary  Streams 

Vlllow  A Walker  Creeks 


Trllutarv  Streata 
Little  leo  'reek 
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A I 1966-19  80),  A,  ( Const  rue  ted  or  Funded  tor  Construction  os  of 
FY‘l9  70),B(l98l  - 2000  ),  C(200l  - 202  0)  ( Si#  tobi#  6B  7) 
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Reservoir*  wi’n  F ooo  Control 

1 Alien  Comp  ( 6 ) l5.  Schoenf  eid  (C) 

2 Dutch  Gulch  ( A ) i€  Covered  Brloge  (B) 

3 Tehama(A)  l70roville(A|) 

4 Soeitter(B)  18  Marysville  (A ) 

5 8e'/o  V-’ito /8)  ;9  N Bullords  Bor(A) 

6 Mitivilhto  ( S)  20. Garden  Bor  (6) 

7 Wing  IB)  21  Spencevillc  (C) 

8 Ooh  (C)  22.Auburn  (A,) 

9 Clover  (C)  23  IndionVolley 

10  Belle-Mill  (B)  24  Lokeport  ( A) 

11  Crown  (B)  25. Wl Ison  Volley (B) 

12  Sycamore  (B)  26  Kelieyville  ( B) 

13  PoshentO'NewviMe  ( A)  27  Vineyord  (C) 

14  Golotin(B) 
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^evee  S Chonnel  Projects 

1 Pit  River  lA) 

2 Churn  Creeh  (A) 

3.  Thomos  Creek  (B 

4 Antelope  Creek  (6) 

5 Willow  Creeh  (B) 

6 Butte  Byposf  (C) 


7 Feother  River  ( A.C) 

8 Simmerly  Slough  (A  ) 

9 Dry  Creek  (C) 

10  Putoh  Creeh  lA) 

1 1 Morr Ison  Creeh  (A) 

12  Reeds  Creek  (C) 
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2.  • Major  Urban  Damage  Centers 


Rivvr  Stogt  (Fjtu't) 

1 M.ii  Cr#ek 

2 Thomet  Creefc 
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I Shoita  Dom 
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FLOOD  DAMAGE  AREAS  AND 
RIVER  FORECAST  SERVICE 


LEGEND 


Area  Subject  to  Floodtr>g 


River  Forecasting  Points 


River  Stoge  lE«i$tir»g  ) 
I.  Cleor  Creek 

2 Cow  Creek 

3 Cottonwood  Creek 

4 Bottle  Creek 

5 Bend  Bridge 

6 Red  Bluff  Hifhwoy  99 

7 Tehomo 

6 Deer  Creek 
9 Vino  Bridge 
10.  Hornilfon  City 

11  Butte  Creek 

12  Ord  Ferry 

13  Oroviile  Oom 

14  Butte  City 

15  Oridley 


16  Moulton  (Veir 

17  Colufo  Weif 
10  Coluio  Br'^ge 

19  Meridian 

20  Yuba  City  * Moryevilte 

21  Titdoie  Weir 

22  Wheotlond 

23  Nicolouf 

24  Rom»ey 

25  Knight 

26  Verone 

27  H Street 
26  I Street 

29  1500  Pumphojie 

30  Fremont  We«r 


Reservoir  inflow  (Future) 

1 Block  Butte 

2 Clear  Loke 

3 BuUords  Bor  Dom 

4 Auburn  Dom 

5 union  volley 


6 Oov  Me  Oom 

7 Morytville  Oom 


RdSdrvoirs  with  Flood  Control 


Othtr  Resdrvoir  or  Loke 


Potentiol  Future  Reservoir  with  Flood  CoRtrol 
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DRLTA-CENTFiAL  SI^ilRRA  SUBRKGICN 


General 


The  Delta-Central  Sierra  Subregion  (DC)  is  in  central  California. 

It  extends  generally  from  Sacramento  on  the  north  to  Stockton  on  the 
south,  and  from  the  crest  of  the  Sierra  Nevada  on  the  east  to  the  foot- 
hills of  the  coastal  ranges  on  the  west.  (See  Map  DC-1.)  The  subregion 
is  about  120  miles  long  and  60  miles  wide  ajid  comprises  an  area  of 
4,947  square  miles. 

The  climate  of  the  subregion  is  characterized  by  hot,  dry  summers  and 
mild  winters  with  relatively  light  precipitation  in  valley  floor  aireas  and 
by  warm,  dry  svunmers  and  cold  winters  with  heavy  rain  and  snow  in  the  moun- 
tainous areas.  Average  annual  precipitation  varies  with  elevation,  ranging 
from  less  than  10  inches  on  the  valley  floor  to  over  96  Inches  in  the  Sierra 
Nevada.  Temperatures  on  the  valley  floor  normally  range  from  winter  lows 
near  freezing  to  summer  highs  of  about  110  degrees.  Ten^Jeratures  in  the 
Sierra  Nevada  portion  of  the  subregion  range  from  below  zero  in  the  winter 
to  about  80-90  degrees  in  the  summer. 

The  subregion  had  an  estimated  pop\ilation  of  386,000  in  1965.  Its 
economy  is  dominated  by  highly  diversified  agricultural  and  related  manu- 
facturing and  industrial  activities  such  as  food  processing  and  fabrication 
of  agricultural  machinery.  The  production  of  natural  gas,  clay  and  clay 
products,  limestone,  sand  and  gravel,  suid  lumber  and  forest  products  are 
also  significant  economic  activities. 

Transportation  facilities  in  the  subregion  are  extensive.  Highly  devel- 
oped Federal,  State,  and  county  highway  and  road  systems  afford  ready  access 
to  slII  parts  of  the  subregion  and  to  adjoining  areas.  The  area  is  served 
by  air  and  rail  lines  and  the  Stockton  and  Sacramento  Deep  Water  Ship  Chan- 
nels. 

The  Sacramento  and  San  Joaquin  Rivers  are  the  principal  streams  in  the 
Delta-Central  Sierra  Subregion  and  in  the  Central  Valley  of  California.  In 
general,  Sacramento  River  drains  a small  area  in  the  northwesterly  sector 
of  the  subregion  and  San  Joaquin  River  and  some  of  its  principal  tributaries 
drain  the  remainder.  The  main  tributary  of  Sacramento  River  in  the  subregion 
is  Cache  Slough.  The  bypass  system  of  the  Sacramento  River  Flood  Control 
Project  also  has  its  terminus  in  this  area.  The  principal  tributaries  of 
San  Joaquin  River  in  the  subregion  are  the  Cosumnes,  Mokelumne,  and  Calaveras 
Rivers.  (See  Map  2.)  All  these  streams  drain  into  the  Sacramento-San  Joa- 
quin Delta  and  to  a common  mouth  at  the  upper  end  of  Suisun  Bay.  The  delta, 
a low-lying  tidal  area  comprising  about  500,000  acres  of  highly  productive 
farmland,  has  been  reclaimed  by  the  construction  of  over  1,000  miles  of 
levees  along  natural  channels  and  dredge  cuts  that  divide  the  area  into 
about  100  tracts  locally  known  as  Islands.  Land  surface  elevations  range 
from  about  10  feet  below  sea  level  in  the  central  portion  of  the  delta  to 
about  20  feet  above  sea  level  along  the  perljAiery. 
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Additional  information  on  tiie  subr^’^ion  can  be  found  in  Appendix  II, 
"The  Region." 


For  the  investlf?:at ion  of  present  and  future  flood  problenn  and  the 
analysis  of  potential  solutions,  the  subregion  has  been  divided  into  the 
following  study  areas:  Cosimnp'S  River  Basin,  Mok^l’amne  River  Basin, 

Stockton  Area  Streams,  Wpstsidf*  Stream.  Group-Delta  Central  Sierra,  Delta 
Islands,  Cache  Slough  and  Tributary  Streams,  .'acramento  Deep  Water  Ship 
Channel  and  Pro.iect  Bypasses  in  Delta  Central  Sierra,  and  Sacramento  River 
below  Sacramento. 


Pilstorv  of  Floodim'^ 


Flooiis  have  been  a slgn-’fieant  factor  in  the  development  of  the  sub- 
region.  Floods  are  of  three  types:  those  that  occur  during  the  late 

fall  and  winter  months,  primarily  as  a result  of  prolonged  general  rain- 
storms in  the  mountain  and  valley  floor  areas;  ?'  those  that  occur  during 
the  spring  and  early  s'omrer  months,  primarily  as  a result  of  the  melting 
of  the  winter  snowpack  in  the  high  areas  of  the  Sierra  Nevada;  and  S')  those 
that  occur  in  ti.e  'acramento— an  Joaquin  Delta  as  the  result  of  a combina- 
tion of  hirh  tides,  unfavorable  wini  conditions,  and  flood  inflows.  The 
most  significant  t>-pe  is  the  late  fall  ani  winter  flood  caused  by  general 
rainstorms.  A description  of  the  in-eater  floods  of  the  late  1600's  and 
early  IP  ’t-.'s  -[s  inclaied  in  the  regional  section  the  ap]3endlx.  On  a 
subregional  'lasis,  the  flood  is  considered  to  be  the  most  severe 

on  the  streams  flowing  from  the  west  side  of  the  subregion  and  the  195S- 
1956  flood  the  most  severe  flooi  on  the  stiv'ams  flowing  from  the  east  side, 
although  other  floods  rray  have  caused  higher  flows  on  individual  stream.s. 

During  a period  of  l«ss  than  7?  hours  in  late  December  1955,  Intense 
rainstorms  in  the  mountain  and  valley  floor  areas  of  the  subregion  resulted 
in  exceptionally  large  streamflows  and  subsequent  flooding  of  adjacent 
lands.  Snowmelt  added  about  i inch  of  water  to  the  basin  mean  runoff  of 
about  15  Inches.  Unusually  high  tides  aggravated  the  flood  problem  by 
Impeding  the  passage  of  floodv«,ters  through  the  .lacramento-Gan  Joaquin 
Delta.  Agricultural , public  facility,  and  residential  damges  comprised 
over  90  ' of  the  total  flood  damag-e.  Although  no  loss  of  life  was  re- 
ported as  a result  of  the  flood,  over  4,0Gr  people  were  evacuated  from 
their  homes.  Subregion-wfde,  about  179, acres  were  Inundated  and 
flood  damages  exceeded  .'^10. 4 million. 

Flood  damages  during  the  196?- IFR’^  flood  was  particularly  serious 
along  the  streams  flowing  from  the  western  part  of  the  subregion.  About 
117,500  acres  wer»  inundated  during  the  flood  and  total  damages  ex- 
ceeded ^?.0  million,  over  90y  of  which  were  a<Ti cultural  and  public 
facility  losses. 
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Flood  fighting  and  cleanup  costs  under  the  various  Federal  programs 
exceeded  $0.9  million  for  the  1955-1956  flood  and  about  $0.1  million  for 
the  1962-1963  flood.  Damages  frcxn  these  and  other  significant,  recent 
floods  are  tabulated  as  follows  and  are  shown  In  more  detail  In  "rabies 
1 and  2.  Typical  flood  damages  are  shown  in  Photos  DC-I  and  DC-II. 

Serious  ralnfloods  occurred  In  the  Delta-Central  Sierra  Subregion 
during  the  1968-1969  flood  season.  The  floods  resulted  from  precipita- 
tion ranging  from  5 Inches  In  the  valley  floor  area  to  over  20  Inches  in 
the  headwaters  of  the  various  streams.  Over  63,500  aeries  were  Inundated 
with  flood  damage  exceeding  $15  million. 


Flood  damages  1/  (^l.'^OO) 


Flood  : Forest  & range : Agricultural : Resident lal : Industrial : Public  :Total 

season:  resources  : & : & : & rfacllitles: 

''year^:  & facilities  r land : commercial  : utility  : : 


1950- 
195 1 

150 

3, 123 

41 

170 

2, 485 

5,969 

1955- 

1956 

790 

6,010 

1,745 

265 

3,  655 

12,465 

19  62- 
1963 

0 

1,619 

90 

26 

325 

2,060 

19  64- 
1965 

94G 

1,840 

42 

91 

3,849 

6,762 

1963- 

1969 

21 

6,  2^4 

405 

7 

8,  436 

15,  103 

'J  Based 

on  prices 

and  project  and 

economic 

conditions  at 

time  of 

occur  rerii 

of  flood. 


Sstlmated  damages  from  a lOO-year  frequency  flood  for  selected  streams  in 
the  subregion  are  shown  in  Table  3.  Peaic  flows  of  maximum  floods  of  record, 
lOO-year  floods,  and  standard  pro.ject  floods  for  selected  stations  in  the 
subregion  are  shown  in  Table  11. 

Present  Status  of  Flood  Control  Improvements 

The  existing  flood  control  improvements  within  the  subregion  include  a 
variety  of  measures  to  reduce  flood  damages.  ^See  Map  3.'  They  Include 
flood  forecasting,  flood  control  reservoirs,  floodwater  retardation  struc- 
tures, levees  and  channels,  tributary  watershed  treatment  and  flood  plain 
information  studies.  Existing  flood  control  measures  on  the  Sacramento 
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and  San  Joaquin  Rivers  and  their  tributaries  within  the  subregion  and 
in  other  subreglcais  provide  flood  protection  to  about  25^  of  the  area 
subject  to  flooding.  With  a few  exceptions,  the  degree  of  protection 
provided  varies  from  100-year  or  greater  flood  protection  In  urban 
areas,  and  from  10  to  50-year  flood  protection  in  agricultural  areas. 

Flood  forecast  procedures  are  established  as  an  Integral  part  of 
the  existing  flood  control  developments . The  Federal -State  River 
Forecast  Center  in  Sacreunento  maintains  continuous  surveillance  of 
flood  situations  issuing  forecasts  for  the  following:  reservoir 

Inflows;  expected  downstream  flows  and  stages  on  the  Sacramento, 

San  Joaquin,  Cosuranes  smd  Mokelumne  Rivers;  and,  stages  in  the  Sac  - 
ramento-San  Joaquin  Delta.  The  below-sea-level  Islands  in  this  area 
are  subject  to  flooding  during  periods  of  high  Inflow  from  the  area's 
tributaries,  particularly  when  the  Inflow  occurs  in  conjunction  with 
high  tides  and  strong  southerly  or  southwesterly  winds.  Flood  fore- 
casts have  been  developing  in  an  effort  to  gain  valuable  time  to  pro- 
tect the  levees.  The  key  forecast  p)oint  is  Rio  Vista  with  stages 
throughout  the  Delta  referenced  thereto.  Forecasting  points  are 
shown  on  Map  4. 

Major  flood  control  reservoirs  in  the  subregion  are  operated  to 
provide  a maximum  of  417,000  acre-feet  of  flood  control  storage 
during  the  most  critical  flood  situations.  These  projects  are  as 
follows : 
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PHOTO  DC- III 


Reservoir 

: Stream  : 

Flood 
control 
capacity 
(ac. -ft. ) 

: Drainage 
: area 

:(sq.  miles) 

Mokelumne  River  Basin 

Gamanche 

Mokelumne  River 

POO, 000 

613 

Stockton  Area  Streams 

New  Hogan 

Calaveras  River 

165,000 

363 

Farmington 

Littlejohns  Creek 

5?,000 

PIP 

These  projects  are  shown  on  N'ap  N'^w  Horan  Reservoir  Is  shown  In  Photo 
DC-V. 

Many  reservoirs  In  the  subregion,  though  not  havina:  flood  control  as 
a designated  function,  provide  Incidental  hut  often  significant  flood 
control  benefits.  Principal  reservoirs  of  this  type  are: 


Reservoir  : Stream  : Construction  agency 

Pardee  Mokelumne  River  Hast  Hay  Kunicipal  Utility  District 

Salt  Springs  K.  Fork  Mokelumne  R.  Pacific  Gas  and  Hlectric  Company 

Jenklnson  Lake  Sly  Park  Creek  Bureau  of  Reclamation 

(Sly  Park  Dam) 


An  extensive  system  of  i,545  miles  of  flood  control  levees,  channels  and 
bypasses  is  an  important  element  in  the  overall  flood  control  program  of 
the  Delta-Central  Sierra  Subregion.  Most  of  this  integrated,  continuous 
system  is  part  of  the  Sacramento  River  Flood  Control  Project,  a Federal - 
non-Federal  and  private  undertaking.  A portion  of  this  system  is  shown 
in  Photo  X-VI,  However,  a igniflcant  segment  of  the  Lower  San  Joaquin 
River  and  Tributaries  Project  is  also  located  in  the  subregion.  These 
features  are  indicated  on  Map  3 and  data  concerning  the  existing  ( 1965) 
levee  and  charnel  projects  are  contained  in  l^ble  7.  In  addition  to  the 
principal  levee  and  channel  systems,  local  interests  have  constructed 
numerous  secondary  levees  and  Improved  channels.  These  secondary  improve- 
ments primarily  to  agricultural  areas,  vary  in  quality  and  provide  varying 
degrees  of  protection.  In  general,  the  protection  afforded  ranges  from 
a once-ln-2-year  flood  to  a once -ln-?5 -year  flood. 


Three  watershed  projects  have  been  constructed  to  alleviate  water- 
shed problems.  They  are:  l)  Ulatls  Creek  Project  near  Vacaville, 

2''  Marsh-KellogR  Project  near  Brentwood,  and  3)  Mosher  Creek  Project 
near  Stockton.  These  projects  protect  44,72^''  acres  of  prime  aprl- 
cultural  lands  from  1^  to  50-year  floods.  Flood  prevention  measures 
in  other  tributary  watershed  areas  of  the  subregion  have  been  In- 
stalled by  Individual  landowners,  groups  of  farmers  and  ranchers  and 
Federal  and  State  land -managem.ent  agencies. 

The  Flood  Plain  Managemient  Services  Program  is  covered  in  detail 
in  the  Regional  Summary  of  this  appendix.  Flood  plain  information 
reports  on  lower  Cosumnes  River  and  tributaries,  Morrison  Creek 
Stream  Group  and  the  Snaitgrass  Slough  area  have  been  completed  for 
parts  of  Sacramento  and  .3an  Joanuln  Counties.  Under  the  program, 
flood  hazard  information  is  being  furnished  to  local  agencies  for 
use  in  evaluating  the  flood  hazard  of  individual  site  locations. 

The  counties  have  requested  assistance  in  Implementing  zoning  and 
in  specific  interpretation  of  flood  hazard  Information  as  it  applies 
to  site  development. 

Accomplishments  of  the  existing  flood  control  measures  (and  others 
that  provide  incidental  flood  control  benefits)  have  been  substantial. 
The  measures  have  functioned  effectively  to  reduce  floodflows  and 
flood  damage.  The  flood  control  system  existing  in  1965  would  have 
prevented  ?4.5  million  in  flood  damages  during  the  1950-1951  flood; 
$5.0  million  in  flood  damages  during  the  1955-1956  flood;  and,  $4.0 
million  in  flood  damages  during  the  1964-1965  flood.  Additional  de- 
tails are  included  in  Ikble  2.  It  is  estimated  that  average  annual 
damages  prevented  by  existing  measures  exceeds  $3.2  million. 

Although  the  subregion  currently  is  afforded  a considerable  degree 
of  flood  protection,  flood  problems  still  exist  in  some  areas.  Flood- 
ing occurs  along  some  of  the  streams  in  the  area  with  resulting 
damages  to  agricultural  and  urban  properties.  (See  tabulation.  Page 
DC-7).  The  problems  are  especially  serious  along  Sacramento  River 
below  the  city  of  Sacramento  and  in  the  Cosumnes  River  Basin,  West- 
side  Stresim  Group,  Cache  Slough  and  Delta  Islands  study  areas. 

Froslon  presents  a problem  in  the  Delta-Central  Sierra  Subregion. 

Of  the  1,9B0  miles  of  stream  channels  subject  to  erosion,  about  830 
miles  are  classed  as  'serious",  accounting  for  $5^,000  damages 
annually.  Frosion  in  the  Delta  is  caused  primarily  by  wave  action 
generated  by  high  winds,  high  tides  and  wavewash  from  boats,  or  a 
combination  of  these.  In  terms  of  potential  erosion  damage,  land 
loss  and  depreciation  in  productivity  of  adjacent  agricultural  land 
from  stream  bank  erosion  pose  the  greatest  threat.  Currently,  about 
30  acres  of  land  are  lost  annually  with  about  10  acres  occurring  in 
urban  areas.  (See  Tables  1,  3 and  4 for  various  categories  of  flood 
damages  some  of  which  index  the  magnitude  of  the  problem  of  land  and 
erosion  damage. ^ 
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New  Hof^nn  Dam  and  Reservoir  on  Calaveras 
Phot o * J 


I nee  r s 


PHOTO  DC-V 


Yolo  Bypnss  nnd  the  Interstate  80  crossing  (Yolo  Causeway ) during 
the  December  1964  flood,  (Department  of  Water  Resources  Photo*) 


PHOTO  DC- VI 


Much  of  the  flood  problem  In  tributar?/’  vatershed  areas  has  not  been 
alleviated.  Less  than  10']?)  of  the  tributary  areas  are  receiving  flood  | 

protection  and  this  Is  often  limited,  I 

The  aforementioned  flood  problems  result  in  averape  annual  damages  as  | 

follows:  i 


Study  area  : 

Fstimated  Average 
Annual  Damages  (•'rl.^oo''  1 

Cosumnes  River  Basin 

717 

Mokelumne  River  Basin 

276 

Stockton  Area  Streams 

555 

Westside  Stream  Group- 
Delta  Central  Sierra 

227 

Delta  Islands 

2,  15"^ 

Cache  Slough  & 'Prlbutary  Streams 

64  ] 

Sacramento  Deep  Water  Ship  Channel 

and  Project  Bypass  in  DC 

?B5 

Sacramento  River  below  Sacramento 

856 

Total  Delta-Central  Subr'^gion 

5,7rc 

JT  Based  on  1965  prices,  economic  conditions,  and  project 
conditions. 

Additional  details  are  contained  in  Tables  and  4 for  the  subrepion  as 
a whole  and  in  Table  9 for  urban  areas.  Major  urban  damape  centers  and 
areas  of  the  subregion  subject  to  flooding  are  shown  on  Map  4. 

Future  Needs 

It  is  evident  from  an  exajninatlon  of  19^5  flood  problems  that  addi- 
tional flood  control  measures  are  requlr'^d.  It  is  estimated  that  average 
anriual  flood  damages  in  the  l>*lta-Central  Sierra  Subregion  (based  on  1965 
prices  and  conditions'  amount  to  -t5.7  million.  The  flood  problems  of  the 
area  will  increase  in  the  future  due  to  the  pressures  of  population  and 
economiic  growth  and  resultant  increases  in  use  of  flood  plains.  The  popula- 
tion of  the  subregion  is  projected  to  increase  from  SP6, in  19  65  to 
550,^00  in  965,0^0  in  ?O00,  and  ],9P  1,000  in  ?0?o,.  Average  anmial 

flood  damages  are  expected  to  increase  to  .'*‘7.9  million  by  19Po^  to  ti4.n 
million  by  ?ooo,  and  t^4.9  million  by  ?opo  if  additional  flood  control 
measures  are  not  provided,  Fstimated  damaoe  data  for  existing  and  future 
conditions  are  contained  in  'Fables  5 and  9a. 
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Veasures  Reguirg-d  to  Satisfy  Future  Needs 


Improved  flood  forecasting  will  be  a part  of  a comprehensive  flood  con- 
trol prof'rara.  The  optimum  operation  of  flood  control  pro.lects  can  only  be 
approached  by  a well-coordinated  system  of  forecasting?  and  project  opera- 
tion. Hence,  procedural  development  for  forecasts  of  Inflow  to  reservoirs 
will  be  required  as  new  dams  and  levees  are  built.  Additional  hydrologic 
instru.mentation  and  telemetry  systems  will  be  needed  to  facilitate  these 
forecasts  and  subsequent  operation  of  the  projects.  Flow  forecasts  in  the 
Delta  will  become  increasingly  more  imjx:)rtant  with  expanding-  port  develop- 
ment, agricultural  usage,  and  urbanization.  Large  scale  wat-r  diversion 
and  related  salt  water  intrusion  will  also  require  long-range  and  short- 
range  flow  forecasts.  The  cost  of  improving  the  flood  forecasting  system 
is  estimated  to  cost  ,t76C',^''0  for  the  1966-1980  period,  .t?5C,  lOO  for  the 
1981-2000  period,  and  .‘‘■pSOjOOO  for  the  2''01-2Cpo,  period. 

Floodwater  storage  in  reservoirs  and  detention  structures  will  be  an 
important  element  of  the  future  flood  control  program.  An  additional 
621,000  acre -feet  of  flood  control  capacity  are  required  in  the  subregion 
to  satisfy  future  needs  as  shown  in  the  following  tabulation: 


Study  area/  : 

: Flood 

: control 

Drainage 

program  period  : 
in  which  needed  : 

Reservoir  : 

Stream 

: capacity 
: { ac. -ft. ) 

area 

( sq.  mlles^ 

Cv/sumnes  River  Basin 


1966-1980 

County  Line 

Deer  Creek 

15,800 

40 

1966-1980 

Nashville 

Cos'umnes  River 

poo,  oon 

455 

1966-1980 

Detention 
Structures  (s) 

C Various 

7,000 

89 

20O1-P02C' 

La t robe 

Cosumnes  River 

L50,  800 

550 

Mokelumne  River  Basin 

19fil-PO''0  Hutson  School 

Dry  Creek 

10'',  000 

285 

?Obl-?02C' 

Irish  Hill 

Dry  Creek 

55,000 

79 

2001-2028 

Detention 
Structures  (2l 

( Various! 

14,000 

120 

Stockton  Area 
2i'01-2i^2f' 

Streams 

South  Gulch 

Calaveras  River 

55,  000 

410 

2001-2020 

Littlejohn  Creek 

50,00o 

85 
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Study  area/ 
program  period 
In  which  needed 

: Reservoir  : 

Stream 

: Flood 

: control 
: capacity 
: (ac.-ft.) 

Drainage 

area 

(sq.  miles) 

Wests Ide  Stream  Group 
1966-1980  Kellogg 

Kellogg  Creek 

8,000 

27 

1981-2000 

Detention 
Structures  (3) 

(Various ) 

6,000 

59 

Cache  Slough  and 
1981-2000 

Tributary  Streams 
Detention 
Structures  (2) 

(Various ) 

1,000 

30 

TOTAL 

621,000 

These  reservoirs  are  shown  on  Map  3.  AddltlonaJL  Information  on  flood  control 
storage  Is  contained  In  Table  6.  Estimated  costs  for  additional  flood  con- 
trol capacity  are  estimated  at  $15.4  million  for  the  1966-1980  period,  $9,0 
million  for  the  1981-2000  period,  and  $14.5  million  for  the  2001-2020  period. 

In  some  areas,  limited  capacities  of  downstream  channels  will  require 
associated  levee  and  channel  work  to  pass  project  releases  safely.  In  the 
Delta  substandard  levee  sections  must  be  Improved  and  the  total  levee  system 
upgraded.  Preliminary  studies  Indicate  that  levee  and  channel  work  Is 
desirable  In  the  following  areas  of  the  Delta-Central  Sierra  Subregion: 


Study  area  : Levees  : Channels 

: (Bank  Miles) : (Miles ) 


Cosumnes  River  Basin 


1966-1980 

46 

33 

2001-2020 

48 

20 

Mokelumne  River  Basin 
1966-1980 

12 

6 

1981-2000 

14 

7 

2001-2020 

3 

5 

Stockton  Area  Streams  1/ 
1966-1980 

12 

61 

2001-2020 

35 

20 
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Sacramento  River 

below  Sacramento 

1991-POOO 

7^ 

0 

pool -20 ?o 

140 

0 

TOTAL 

669 

19? 

Under  construction  or  funded  for  construction  as  of  FY  1970, 

The  approximate  locations  of  l»“vees  and  channels  are  Indicated  on  Ibp  3. 
Additional  details  are  Included  In  Tabl®  The  estimated  costs  for  re- 
quired levee  and  channel  work  ar»  tpl.o  million  for  the  1966-1990  period, 
^50.4  million  for  the  199]_?00o  period,  and  t6d.O  million  for  the  ?001_ 

P0?0  period. 

The  structural  measures  Included  In  the  preceedlnp;  paraf^q^ph  will  be 
complemented  by  non -structural  land  treatment  measures  consisting:  primarily 
of  rans;e  seeding,  critical  area  planting,  drop  Inlets,  fire  prevention  and 
suppression  and  brush  control.  See  Map  for  potential  watershed  land 
treatment  areas.  Estimated  costs  and  acres  of  land  treatment  ireasures 


are  tabulated  below. 

Land  Treatment 

1966- 19po 

190  i_?o(-,o 

200 l.popo 

Thousand  acres 

70 

17 

?5 

Thousand  dollars 

S90 

950 

500 

DC- 10 


Flood  plain  zoning,  flood  proofing;  and  other  non -structural  flood 
plain  management  measures  will  become  part  of  community  flood  control 
planning  because  of  existing  and  anticipated  flood  problems.  Com- 
munities with  populations  In  excess  of  ?, 500  with  known  significant 
flood  problems  Include  Antioch,  Lodi,  Stockton,  Vacaville,  Tracy,  and 
Brentwood.  Many  communities  with  expanding  populations  are  expected  to 
have  flood  problems  In  the  future,  and  will  be  studied  as  th»lr  nop*ds 
are  made  known.  Flood  plain  Information  reports  for  Calaveras  and 
Mokelumne  Rivers,  Including  the  principal  urban  areas  of  Lodi  and 
Stockton,  are  scheduled  for  completion  by  19S0,  It  Is  anticipated  that 
flood  plain  Information  reports  for  all  the  communities  named  above  will 
be  completed  before  the  year  ?000.  Comprehensive  flood  damage  preven- 
tion planning  and  Implementation  of  flood  plain  management  measures 
would  follow  In  each  flood  problem  area  Identified.  Non -structural 
flood  plain  management  measures  along  approximately  50  stream  miles 
could  be  Implemented  for  urban  areas.  Including  the  above  listed  com- 
munities. Table  9b  contains  data  of  damage  reduction  attributable  to 
non-structure  measures.  Map  3 Indicates  several  areas  for  which  non- 
structural  flood  plain  management  measures  are  proposed. 

Costs  for  future*  non -structural  flood  plain  management  measures  are 
estimated  at  ^'l.P  million  for  the  1966-1980  period,  ^3.0  million  for  the 
1981-2000  period,  and  million  for  the  2noi_po?0  period. 

Potential  to  Satisfy  Future  Needs 

The  flood  control  program  presented  herein  would  reduce  the  projected 
average  annual  damages  .^3,0  million  by  1980,  million  by  POOO,  and 

^2^.1  million  by  2^2^  at  an  estimated  Installation  cost  of  ^3”. 8 million 
for  the  period  1966-1980,  ^63.5  million  for  19^^1-2000,  and  t90.3  million 
for  2001-2020.  Fstimated  annual  Oi^R  costs  for  the  1966-19°0,  19R]_2000 
and  2001-2020  portion  of  the  flood  control  program  are  ^0.46  million, 
?^0.34  million  and  “^O.OP  million  ( S»e  Tables  lo,  log  and  10b.  ^ The  effect 
of  the  potential  flood  control  program  on  future  damages  Is  shown  In 
Table  8 and  graphically  on  Figure  DC-1,  and  Its  effect  on  flood  flows  Is 
shown  on  Table  II. 


AVERAGE  ANNUAL  DAMAGE  ($  MILLION) 


PROJECTED  AVERAGE  ANNUAL  FLOOD  DAMAGES 

(1965  PRICES  ADD  PROJECT  CORDITIONS-DATA  FROM  TABLES  548) 
APPERDIX  IX  FIGURE  DC-1 
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!FLTA-C=*VTRAL  SI*?HRA  SUPF^GIOK  OF  TH^  CALIFORKIA  FFC.IOF 
Historical  Flood 


Study  area 

Pl30d 

: Location/ 

Area 

mHH 

HCOS3HB 

: flow  : Inundated: 

Forest 

Forest  ; 

Crop 

^■r»n73^Bi 

Land 

iResldentlal 

Industrial 

Total 

: (cfsl  : 

& ran«<^ 

A ran^te  ; 

St 

ao-lcul-  : 

: & 

& 

faclllt  les; 

acres! 

resources 

fad  1 Itles: 

oasture 

tural 

:coniiiercIal 

utllttv 

i 

4 

s 

R : 

9 

! C- 

11 

■ "'suanes  HI ’.*r  Baslr. 

>c55 

486 

459 

6Si 

268 

4?, one 

AprS^k 

Mlchl»air  Har 
?9,  .VV 

32.1 

0 

207 

3?i' 

442 

178 

13 

37 

38 

1,577 

Rlv^r  Pasln 

NovS. 

Camancl.e 

19.4 

0 

15^ 

558 

123 

1? 

O'* 

491 

•VC 

26, 70C 

DecSS 

CaoB-’.-he 

31,5 

0 

225 

755 

222 

-30 

9 

139 

3a8 

1,698 

25,5»X 

'ri  Area  .ir-arm 

>c55 

9.1 

0 

79 

139 

38 

3;, COO 

(Outflow  U,  1)0) 

'an-Apr 

Inflow 

l'.7 

C 

92 

41.3 

25 

18 

19C 

^7 

4r9 

1, 184 

5“ 

42, 'VO 

(Outfl  --w  :i,oocl 

->•^♦31  ie  Str^ar.  '/r'lin  - 

rw”.  ta- tral  Sierra 

>cSF»^  l^rah  Creek 
\4.'- 

10.6 

0 

0 

.'42 

35 

12 

26 

30 

745 

Jan6.' 

^^rsh  Creek 
5,9  V 

1..3 

0 

216 

63 

24 

90 

0 

43 

4’f 

T>»lta  Is  Ian  is 

>cSO 

Vernal  1 s 
’9,  XV 

57.0 

n 

0 

1,743 

421 

477 

78 

2, 187 

4,9r.e 

*a -nr  .:i^'^T  a:.l 

TVli'utary  ''r-ar-s 

AprSfl 

2;'.0 

294 

79 

68 

257 

689 

-■rf\ 'rartent ' Wa'er 

> '.r  >Annel  ar^i  Pr-^'e-t 

.•  .-TOSSea  p.  ' 

Mar07 

.. 

T3l* 

428,  fXV 

0ec64 

L 1 sbon  )a«e 
57O^C*n0 

59.6 

0 

0 

693 

0 

0 

0 

17 

1,700 

2,410 

•«'rar»nt-  River 

' el  Tarrarient  i 

>cS5 

Rio  Vlata 
9.«  (ft.) 

*' 

0 

2 

8 

0 

I'V 

10 

4 74 

6>'2 

f>cA4 

Rio  Vista 
R.9  ff*.' 

0.3 

0 

O 

0 

0 

42 

LP 

135 

109 

^ -in  prlo«»s  and  pn.leet  arv1  •conorilc  conditions  at  tlfw  -»f  occ'jrrancc  “ floJCTT 

^ Flood  lasa^f-s  for  all  str-arjs  in  trroup  fyr  wMch  taryw*  laVi  war>  avallaM*. 
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TABli:  5 

»;iiA-ctafrHAL  sikwa  subHiciow  or  tke  CAurcxtHA  rhjiow 


Estlntevl  riood  baioa^i^  for 
the  XOC’Year  frequency  riood  ^ 
for  Selected  ’Jtreaaa 


Stuiy  area, 
atreaa 

Area 

Inundated 

(1,000 

acrea) 

Flood  daaace  . , “ 1^.0001 

Foreat 
A ran^e 
reaoiircea 

Foreat 
A rantje 

facllltlea 

Crop 

A 

pasture 

other 

a^lcul* 

tural 

Land 

RcaUenilal 

A 

coMerclal 

Industrial 

A 

utilities 

F^ITc 

facilities 

Total 

Z 

8 

i 

*5 

6 

7 

e 

d 

10 

11 

voauanea  River  B>sln 
Coavanea  River 


>i?i>fluane  Hlver  haalr. 


►L'kelume  River 
StJCKton  Area  3treaa>a 


Talaveraa  River 
tfestat.le  Streaa  Jn-'u; 


>^;ta-^e;itral  Sierra 
'•u-sh-kell  ^'reeKa 


r>elta  tslar>*.s 

I.over  San  J.->aq.iln  River 


Cache  Slough  and 
Tributary  Str«*nne 
•!a"ia  -reTk 


ThanneT  arwl  "reject  Py* 
ia-t.-ee  In  D.  *. 


Yrlo  Py.a 


‘•»a<*ramrnto  River  belpiw 
Sa'*raj 


Sacraarntv-  Rfv^r 


S6.6 

0 

607 

93b 

1,299 

64b 

26 

62 

556 

4,lSb 

26. b 

0 

b64 

206 

120 

139 

76 

46 

115 

1,346 

20.6 

0 

140 

b26 

1^ 

24 

3,460 

245 

1,133 

5,670 

19.6 

e 

0 

302 

431 

107 

266 

69 

75 

1,330 

lei.o 

0 

16,949 

7,276 

7,26b 

1,164 

0 

23, 91' 6 

56,6(X) 

119.0 

lb 

0 

939 

34b 

226 

Cd 

696 

920 

3,762 

64,0 

0 

0 

778 

0 

0 

0 

19 

1,903 

2,700 

86.3 

0 

0 

23,500 

12,000 

7CX) 

36,400 

5, OCX) 

6,000 

65,60U 

? Basel  on  July  l96b  ^tcea,  econoalc  eonklltlone,  an!  project  condltiona. 


'TAbU:  i 

DeiTA-''EyTRAL  310<HA  SUBhttJIW)  CF  THE  CAUFORNLA  RBDIUW 
Kstlaated  Average  Annxial  Flood  Daaa<ie 


Studv  area 

Flood  daasAe  I / 

= — 

(prlncliAl  streaa) 

Forest 
A ran^e 
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A ranjte 
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Crop 

A 

pasture 
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a^srloul"  : 

: tural  : 
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Industrial 

A 

Utilities 

Public 
facilities  : 

^udy  ares 
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: ^ 

3 : 

4 
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6 
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lo 
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91 
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42 

20 

24 
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61 
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11 

60 
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0 

36 
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46 

30 

7 

6 
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0 
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36 

0 
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0 
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70 

56 
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0 

83 

0 
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0 
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0 

0 
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60 
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SAN  JCAQUIN  BASIN  SUBRBjlQN 
General 

The  Sein  Joaquin  Basin  Svibregion  (SJ)  is  situated  in  central  California. 

It  extends  generally  from  near  Stockton  on  the  north  to  near  Fresno  on  the 
south,  and  from  the  crest  of  the  Sierra  Nevada  on  the  east  to  the  coast 
ranges  on  the  west.  (See  Map  SJ“1.)  The  subregion  is  about  HO  miles  long 
and  95  miles  wide  and  comprises  an  area  of  11,061  square  miles. 

The  climate  of  the  subregion  is  characterized  by  hot,  dry  summers  and 
mild  winters  with  relatively  little  precipitation  in  valley  floor  areas, 
and  by  warm,  dry  summers  and  cold  winters  with  heavy  rain  and  snow  in  the 
mountainous  areas.  Average  annual  precipitation  varies  with  elevation, 
ranging  from  about  5 Inches  in  the  southern  part  of  the  valley  floor  to 
over  70  inches  in  the  Sierra  Nevada.  Temperatures  normally  range  from 
winter  lows  below  zero  in  mountain  areas  to  sxiramer  highs  of  about  115  de“ 
grees  on  the  valley  floor. 

The  subregion  had  an  estimated  population  of  385,000  in  1965.  Its 
economy  is  dominated  by  highly  diversified  agricultural  activities  and 
related  manvtfacturing  and  Industrial  activities.  Mining  and  luniberlng 
are  significant  in  the  Sierra  Nevada. 

Transportation  facilities  in  the  subregion  are  extensive.  Highly  de- 
veloped Federal,  State,  and  county  road  systems  afford  ready  access  to  all 
parts  of  the  subregion  and  to  adjoining  areas.  The  area  is  served  by  air 
and  rail  lines,  and  the  Stockton  Deep  Water  Ship  Channel  which  terminates 
in  the  Delta “Central  Sierra  Subregion. 

The  San  Joaquin  River  is  the  principal  stream  in  the  San  Joaquin  Sub” 
region.  Originating  in  glacial  lakes  in  the  Sierra  Nevada,  it  flows  south- 
westerly to  the  vicinity  of  Mendota,  thence  northwesterly  to  its  mouth  in 
Sulsun  Bay.  (See  Delta-Central  Sierra  Subregion. ) The  principal  tributaries 
to  San  Joaquin  River  within  the  region  are  the  Stanislaus,  Tuolumne,  and 
Merced  Rivers.  A number  of  minor  tributaries  originating  on  the  eastern 
slopes  of  the  coastal  ranges  join  San  Joaquin  River  from  the  west. 

Additional  information  of  the  subregion  can  be  found  in  Appendix  II, 

"The  Region." 

For  the  investigation  of  present  and  future  flood  problems  and  the 
analysis  of  potential  solutions,  the  subregion  has  been  divided  into  the 
following  study  areas:  Stanislaus  River  Basin,  Tuolumne  River  Basin,  Mer- 

ced River  Basin,  Merced  County  Stream  Group,  Madera  County  Stream  Group, 

San  Joaquin  River  Basin,  and  Westside  Stream  Group-San  Joaquin  Basin.  The 
principal  streams  in  these  areas  are  shown  on  Map  2. 
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History  of  Flooding 


The  San  Joaquin  Subregion  is  subject  to  two  types  of  floods:  l)  those 

that  occur  during  the  late  fall  and  winter  months,  prinarlly  as  a result 
of  prolonged  general  rainstorms  In  the  mountain  and  valley  floor  areas} 
and  2)  those  that  occ\ar  during  the  spring  and  early  summer  months,  pri- 
nEirlly  as  a result  of  the  melting  of  the  winter  snowpack  In  the  high 
areas  of  the  Sierra  Nevada.  The  most  significant  type  is  the  late  fall 
and  winter  flocxl  caused  by  general  rainstorms.  A description  of  a few 
of  the  najor  floods  of  the  late  ISCXj's  and  early  1900's  is  Included  in 
the  regional  section  of  the  appendix.  On  a subregional  basis,  the  January 
1969  flood  is  considered  to  be  the  most  severe  although  other  floods  may 
have  caused  higher  flows  on  Individual  streams.  The  November  1950  flood 
claimed  one  life. 

During  the  1955  flood,  antecedent  rainfall  for  the  period  21 “24  Dec- 
ember averaged  about  16.5  inches  in  the  upper  reaches  of  the  basin  and 
snowmelt  added  about  1 inch  of  water  to  the  basin  mean  rainfall  of 
10”15  inches.  Extensive  flooding  occurred  along  the  San  Joaquin  River 
and  all  of  its  major  tributaries.  Flooding  also  occurred  on  the  larger 
westside  tributary  streams.  Over  7,000  people  evacuated  their  homes 
during  the  Ciiristmas  holiday  season  and  several  people  died  of  heart 
attacks  caused  by  excitement  during  the  flood.  Agricultural,  public  fa- 
cility, and  residential  damages  comprised  nearly  85>  of  the  total  flood 
damage.  About  127,000  acres  were  inundated  during  the  flood  and  dam- 
ages exceeded  $7  million.  Damages  for  the  1955  and  other  significant 
recent  floods  in  the  subregion  are  tabulated  on  page  SJ-3  and  are  shown 
in  more  detail  in  Tables  1 and  2. 

Both  rain  and  snowmelt  floods  occurred  in  the  dan  Joaquin  Basin 
Subregion  during  the  1968-1969  flood  season.  About  285,000  acres  were 
Inundated  and  flood  dainB#.'es  exceeded  $19  million.  Flood  fighting  and 
cleanup  costs  under  various  Federal  programs  were  about  $800,000.  The 
rain  floods  resulted  from  more  than  25  inches  of  rain  during  January, 
and  substantial  but  lesser  amounts  in  February.  The  elevation  of  this 
basin  reaches  14,000  feet  with  about  40  percent  lying  above  8,000  feet. 
Dirrlng  the  rain-flood  producing,  storms  a snowpack  of  unprecedented  depth 
and  water  content  (220-340  percent  of  normal)  was  accumulating  in  the 
higher  elevations.  The  flood  season  was  climaxed  by  near  record  snowmelt 
floods  during  the  period  April  through  July.  Flooding  along  the  Stanis- 
laus and  Tuolumne  Rivers  is  shown  in  Fhotos  SJ-I  and  SJ-II.  Total  volume 
of  snowmelt  for  the  San  Joaquin  basin  Subregion  was  estimated  at  9,000,000 
acre-feet  which  approached  the  record  established  in  1906. 


Tuolumne  River  in  Modesto,  January  1969*  Floodwnters  reached  a width 
of  a half  mile  in  the  city  and  damaged  more  than  fifty  homes*  (Modesto 
Bee  Phot o*  } 
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Flood  daisages  1/  ($1,000) 


Flood  :Forest  & range : Agricultural : 
(vear):  resources  : & 

: Sc  facilities  : land  : 

Residential 

•St 

commercial 

Industrial : 
4 : 

utility  : 

Public  :Total 
facilities : 

1S55 

722 

3,081 

309 

432 

2,715 

7,259 

1958 

0 

3,302 

114 

6 

509 

4,091 

1962-63 

0 

279 

77 

1 

160 

525 

1964-65 

238 

1,160 

9 

529 

1,326 

3,262 

1968-69 

949 

14,347 

1,425 

298 

2,031 

19,050 

Based  on  prices  and 
ence  of  flood. 

project  and 

economic  conditions  at 

time  of 

occur- 

Peak  flows  of  maximum  floods  of  record,  100  year  floods,  and  standard  proj- 
ect floods  for  selected  stations  In  the  subregion  are  shown  in  Table  11. 

Present  Status  of  the  Flood  Control  Improvements 

The  existing  flood  control  improvements  Include  a variety  of  measures 
to  reduce  flood  damage.  (See  Map  3.)  They  include  flood  forecasting,  flood 
control  reservoirs,  floodwater  retardation  structures,  levees  and  channels, 
tributary  watershed  treatment,  and  flood  plain  Information  studies.  Exist- 
ing measures,  which  are  described  in  more  detail  In  following  paragraphs, 
provide  flood  protection  to  38^  of  the  areas  subject  to  flooding.  With  a 
few  exceptions,  the  degree  of  protection  provided  by  existing  flood  control 
measures  varies  from  100-year  or  greater  flood  protection  in  urban  areas, 
and  from  10-  to  50-year  flood  protection  in  agricultural  areas. 

Flood  forecasts  are  prepared  bv  the  Federal -State  River  Forecast  Center 
in  Sacramento  and  distributed  by  the  Sacramento  and  Fresno  River  District 
Offices  of  the  National  Weather  Service.  These  forecasts  Include:  l)  in- 

flow to  the  major  reservoirs,  2)  routed  flow  and  stage  forecasts  downstream 
of  the  dams,  and  3)  stage  and  flow  foreca.sts  along  the  malnstem  of  the  lower 
San  Joaquin  River.  Forecasting  points  are  shown  on  Map  4. 

Existing  major  flood  control  reservoirs  in  the  subregion  are  operated 
to  provide  a maximum  of  063,100  acre-feet  of  flood  control  storage  during 
the  most  critical  flood  situations.  These  projects  are: 
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study  area 


Reservoir 


Stream 


: Flood  : 

: control  : Drainage 
: capacity  : area 

;(ac.~ft. ) ;(3q,.  miles) 


Tuolumne  River  Basin 

Don  Pedro 

Tuolumne  River 

200,000 

1,530 

Hetch  Hetchy 

Tuolumne  River 

160,000 

455 

Cherry  Valley  Cherry  Creek 
Lake  Eleanor  Eleanor  Creek 

80,000 

187 

Merced  County  Stream 
Group 

Burns 

Burns  Creek 

6,800 

74 

Bear 

Bear  Creek 

7,700 

72 

Owens 

Owens  Creek 

3,600 

26 

Mariposa 

Mariposa  Creek 

15,000 

107 

San  Joaquin  River 
Basin 

Mlllerton 

San  Joaquin 

390,000 

1,633 

Lake  {hYiant)  River 


These  projects  are  shown  on  Map  3.  I-Yiant  Dam  and  Chenry  Valley  Dam  are 
shown  In  Photos  SJ"III  and  SJ-IV. 

Many  reservoirs  In  the  subregion,  though  not  having  flood  control  as 
a designated  function,  provide  Incidental,  but  often  significant,  flood 
control  benefits.  Important  reservoirs  of  this  type  are: 


Reservoir  ; Stream j Construction  agency 

Beardsley 
Florence  Lake 
Huntington  Lake 
Mammoth  Fool 
Shaver  Lake 
T\illoch 

Vermilion  Valley 
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Middle  Fork  Stanislaus 
S.  Fork  San  Joaquin 
Big  Creek 
San  Joaquin  River 
Stevenson  Creek 
Stanislaus  River 
Mono  Creek 


Oakdale  South  San  Joaq\iln  ID 
Southern  California  Edison  Co. 
Southern  California  Edison  Co. 
Southern  California  Edison  Co, 
Southern  California  Edison  Co. 
Oakdale  South  San  Joaquin  ID 
Southern  California  Edison  Co. 


I 


Friant  Dam  and  Millerton  Lake  on  San  Joaquin  River 
Friant^Kern  Canal  appears  in  the  ri^ht  foreground • 
Rec lama t i on  Phofom) 


A portion  of  the 
(Bureau  of 


PHOTO  S.I-TII 
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Cherry  Willey  Dtim  on  Cherry 
(Corps  of  Engineers  Photo,) 


umne 
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An  extensive  system  consisting  of  277  miles  of  flood  control  levees,  chan- 
nels, and  bypasses  is  another  element  in  the  overall  flood  control  devel- 
opment of  the  San  Joaquin  Subregion.  The  locations  of  these  features  are 
Indicated  on  Map  3 and  data  concerning  the  existing  (1965)  levee  and  channel 
projects  are  contained  in  Table  7.  In  addition  to  the  principal  levee  and 
channel  systems,  local  Interests  have  constructed  numerous  secondary  levees 
and  Improved  channels.  These  secondary  improvements  provide  a varying  de- 
gree of  protection  primarily  for  agricultural  areas.  In  general,  the  pro- 
tection Eufforded  ranges  from  a once-in-2-year  flood  to  a once-in-25-year 
flood. 

Flood  prevention  measures  Installed  by  private  parties  in  tributary 
watershed  areas  are  mostly  confined  to  stream  channel  work  and  some  small 
levee  euid  channel  construction.  A few  grade  stabilization  structures  are 
also  being  installed  by  these  individuals  and  groups. 

The  Flood  Plain  Management  Services  Program  is  covered  in  detail  in  the 
Regional  Summary  of  this  appendix.  Under  the  program,  flood  hazard  infor- 
mation is  being  furnished  to  local  agencies  for  use  in  evalxiating  the  flood 
hazard  of  individual  site  locations. 

Summarizing  the  flood  control  improvements  the  San  Joaquin  Basin  Sub- 
region  is  Eifforded  a considerable  degree  of  flood  protection  from  the 
existing  flood  control  measures  and  other  measures  that  provide  incidental 
flood  control  benefits.  The  flood  control  system  existing  in  1965  woxild 
have  prevented  $9.6  million  in  flood  damages  during  the  1955  flood}  and 
prevented  $5.3  million  in  flood  damages  during  the  1964-1965  flood.  It  is 
estimated  that  average  euinual  damages  prevented  by  existing  measures  exceeds 
$2.5  million.  Additional  details  are  Included  in  Table  2.  During  the 
1968-1969  flood  season  emergency  work  was  accomplished  under  Operation 
Foresight  due  to  the  unprecedented  snowpack  conditions  existing  prior  to 
the  snowmelt  flood  period.  The  work  consisted  largely  of  channel  clearing, 
and  strengthening,  raising,  extending  and  reinforcing  existing  levees  on 
streams  that  might  be  affected  by  runoff  from  the  extremely  heavy  snowmelt. 
Most  of  the  work  was  accomplished  on  non-Federal  Improvements.  Generally 
the  emergency  protective  measures  were  very  effective  and  should  be  of  con- 
tinuing benefit  because  the  facilities  are  to  be  maintained  by  local  inter- 
ests. The  preventive  measures  taken  resulted  in  benefits  exceeding  three 
times  the  costs  expended. 

As  effective  as  the  existing  flood  control  measures  have  been  to  reduce 
floodflows  and  resulting  flood  damage,  flood  problems  still  exist  in  some 
areas.  A major  problem  in  the  subregion  occurs  in  the  streams  below  the 
dams  where  channel  capacities  are  so  restrictive  that  releases  often  exceed 
flood  stage  damaging  agricultural  and  urban  areas.  Combined  flows  from 
reservoirs  from  the  upper  San  Joaquin  River  north  to  the  Stanislaus  River 
can  cause  considerable  flooding  along  the  main  stem  San  Joaquin  River  below 
Frlant.  Some  flooding  occurs  along  the  Fresno  and  Chowchllla  Rivers  in  the 
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vicinity  of  Madera  and  Chowchilla.  Flooding  also  occurs  along  other 
streams  in  the  area  with  resulting  damages  to  agricultural  and  urban 
properties.  (See  tabulation  below.)  The  problems  are  especially 
serious  along  the  streams  of  the  Merced  County  and  Madera  County  Stream 
Groups . 

This  subregion  has  erosion  and  sediment  problems  associated  with 
flooding.  In  terms  of  present  and  potential  damage,  streambank  erosion 
and  eroding  land  pose  the  greatest  threat,  particularly  in  the  valley 
areas  where  Intensive  agriculture  exists.  About  2,780  miles  of  stream 
channels  have  erosion  problems  with  350  miles  classed  as  "serious". 
Annual  losses  of  land  due  to  bank  sloughing  amounts  to  $100,000  and 
fifty-six  acres  of  land  are  lost  annually,  30  percent  of  which  occurs 
In  urban  areas.  (See  Tables  1,  3,  and  4 for  the  monetary  losses  associ- 
ated with  land  loss  and  depreciation  of  productivity  on  agricultural 
lands ). 

In  the  tributary  areas  much  of  the  flood  problem  has  not  been  allevi- 
ated. In  terms  of  potential  damage,  main  streambank  erosion  occurring 
in  the  lower  elevation  tributary  watershed  areas  poses  the  greatest 
threat.  The  land  adjoining  these  channels  is  used  intensively  for 
agriculture  and  streambank  erosion  damage  occurs  as  land-loss  with 
associated  depreciation  of  the  productive  capacity  of  adjacent  lands. 

Many  additional  land  treatment  and  flood  prevention  measures  are  needed 
if  adequate  protection  is  to  be  afforded  this  area. 

The  aforementioned  flood  problems  result  in  average  annual  damages 
as  follows : 


Study  area 

: Estimated  Average 

: Annual  Damages  ($1.0CX))  1/ 

StEUilslaus  River  Basin 

365 

Tuoliimne  River  Basin 

383 

Merced  River  Basin 

450 

Merced  Covuity  Stream  Group 

618 

Madera  County  Stream  Group 

882 

San  Joaquin  River  Basin 

1,091 

Westslde  Stream  Group 

103 

Total  San  Joaquin  Basin  Subregion 

3,892 

\J  Based  on  1965  prices,  economic  conditions  and  project 
conditions. 


Additional  details  are  contained  in  Tables  3 and  4 for  the  subregion  as 
a whole  and  in  Table  9 for  urban  areas.  Major  urban  centers  and  areas  of 
the  subregion  siibject  to  flooding  are  shown  on  Map  4. 
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Future  Needs 


It  Is  evident  from  an  examination  of  current  (1965)  flood  problems 
that  additional  flood  control  measures  are  required.  It  is  estimated  that 
average  annual  flood  damage  In  the  subregion  (based  on  1965  prices  and 
conditions)  is  about  $3.9  million.  The  flood  problems  of  the  area  will 
increase  In  the  future  due  to  the  pressures  of  population  and  economic 
growth  and  resultant  Increases  In  use  of  flood  plains.  The  population  of 
the  San  Joaquin  River  Basin  Subregion  Is  projected  to  increase  from  385,000 
in  1965  to  487,000  in  1980,  853,000  in  2000  and  1,626,000  in  2020  (base 
plan  projections).  Average  annual  flood  damages  are  expected  to  increase 
to  about  $6.8  million  by  1980,  to  $14.7  million  by  2000  and  to  $36.3  million 
by  2020  if  additional  flood  control  measures  are  not  provided.  Estimated 
dajiEge  data  for  existing  and  future  conditions  are  contained  In  Tables  5 
and  9a. 


Measures  Required  to  Satisfy  Future  Needs 

Improved  flood  forecasting  will  be  a part  of  a comprehensive  flood  con" 
trol  program.  The  optimum  operation  of  flood  control  projects  can  only 
be  assured  by  a well-coordinated  system  of  forecasting.  Forecast  proce- 
dural development  and  improvement  should  continue  apace  with  the  develop- 
ment of  new  projects.  But  improved  forecasts  are  dependent  upon  improving 
the  network  for  collecting  hydrologic  data.  This  will  require  expansion 
of  the  present  data  network  Including  a considerable  amount  of  additional 
telemetry  for  this  subregion  which  at  the  present  time  has  the  least  Instru- 
mentation of  any  major  runoff  area  in  the  State  of  Californip . The  required 
Improvements  to  the  flood  forecasting  system  are  estimated  to  cost  $330,000 
for  the  1966-1980  period,  $260,000  for  the  1981-2000  period,  and  $210,000 
for  the  2001-2020  period. 

Floodwater  storage  In  reservoirs  and  detention  structures  will  be  an 
important  element  of  the  future  flood  control  program.  An  additional 
1,775,000  acre-feet  of  flood  control  capacity  are  required  in  the  subregion 
to  satisfy  future  needs.  This  total  is  derived  from  the  following  tabu- 
lation : 


; Flood 

Stuly  area/  : 

: control 

: Drainage 

time  frame  : 

Reservoir 

Stream 

: capacity 

: area 

In  which  needed  : 

: ( ac . -ft . ) 

Stanislaus  River  Basin 

1966-1 980  IJ  New  Melones  Stanislaus  River  450,000 

Tuolumne  River  Basin 

1966-1980  IJ  New  Don  ledro  Tuolumne  River  340,000 


900 

1,542 
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: Flood  ; 

study  area/  : 

: control  : Drainage 

time  frame  : 

Reservoir 

Stream 

: capacity  : area 

in  which  needed  : 

: (ac.-ft. ) :(sq.  miles) 

Merced  River  Basin 


1966-1980  ^ 
1966-1980 

1981-2000 

1981-2000 

2001-2020 


New  Exchequer 

Detention 

Structures  (2) 

Mantgomery 

Bagby 

Detention 

Structures  (2) 


Merced  County  Streams 

1966-1980  Merced  Group 

1981-2000  Detention 

Structures  (2) 

Madera  County  Streams 


1966-1980 

1966-1980 

1966-1980 

1981-2000 

2001-2020 


Buchanan 
Hidden 
Detention 
Structures  (9) 
Detention 
Structures  (3) 
Detention 
Structure 


Westside  Stream  Group- 
San  Joaquin  Basin 

1966-1980  3/  Los  Banos 


Total  2/ 


Merced  River 

(Various ) 
Merced  River 
Merced  River 

(Various ) 


400.000 

1,000 

45,000 

350.000 

4,000 


Merced  Stream  Group  37,000 


(Various ) 

Chowchilla  River 
Fresno  River 

(Various ) 

(Various ) 

No  Name 

Los  Banos  Creek 


14.000 

45.000 

65.000 

6,000 

2,000 

2,000 

14.000 
1,775,000 


1,037 


Under  construction  or  funded  for  construction  as  of  FY  71. 

^ Fending  construction  of  New  Don  Pedro  Reservoir,  440,000  acre-feet  of 
flood  control  capacity  are  provided  in  upstream  reservoirs  and  is 
deducted  from  the  future  capacity  total.  See  Table  6. 

^ Completed  in  FY  69. 

The  reservoirs  listed  above  are  shown  on  Map  3 and  additional  information 
on  flood  control  storage  is  contained  in  Table  6.  Estimated  costs  for 
swiditional  flood  control  capacity  are  $84.6  million  for  the  1966-1980  period, 
$38.3  million  for  the  1981-2000  period  suid  $2.5  million  for  the  2001-2020 
period. 


w 


In  addition  to  these  reservoirs,  levee  and  channel  work  is  desirable 
in  the  following  areas  of  the  San  Joaquin  Subregion. 


Study  area  : 

Levees 
(Bank  Miles) 

• 

Channels 
(Miles ) 

Tuolumne  River  Basin 

2001-2020 

10 

5 

Merced  River  Basin 

1966-1980 

0 

17 

1981-2000 

2 

0 

2001-2020 

0 

6 

Merced  County  Stream  Group 

1966-1980 

36 

52 

1981-2000 

5 

9 

Madera  County  Stream  Group 

1966-1980 

16 

11 

1981-2000 

0 

3 

2001-2020 

15 

7 

San  Joaquin  River  Basin 

1966-1980  y 

19 

0 

1981-2000 

40 

5 

2001-2020 

15 

10 

Total 

158 

125 

l7  Under  construction  or  funded  for  construction  as  of  FY  70. 


The  approximate  location  of  levees  and  channel  work  is  indicated  on  Map  3 
and  additional  details  are  included  in  Table  7.  The  estimated  costs  for 
required  levee  and  channel  work  eu-e  $3.9  milllor  for  the  1966-1980  period, 
$8.8  million  for  the  1981-2000  period,  and  $6.1  million  for  the  2001-2020 
period . 

Structural  measures  will  be  complemented  by  non -structural  land  treat- 
ment measures  for  necessary  soil  and  water  conservation.  In  this  subregion, 
the  land  treatment  measures  will  include  most  of  the  practice  discussed  in 
the  Regional  Summary  of  this  appendix.  Map  3 shows  potential  watershed  pro- 
.iects.  Estimated  costs  and  acres  of  watershed  land  treatment  are  tabulated 
on  page  SJ-10. 
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Land  Treatment 


Thousand  acres 

Thousand  dollars 

Non -structural  flood  plain  management  measures  will  become  Eui  increas- 
ingly Important  part  of  community  flood  control  planning  in  the  San  Joaquin 
River  Basin  during  the  1966-1980  time  frame,  in  the  Merced  Stream  Group  and 
Tuolumne  River  Basin  after  1981  and  in  the  Madera  County  Stream  Group  after 
2001.  Table  9b  shows  damages  reduced  by  such  measures  for  urban  centers. 

Non -structural  flood  plain  management  measures  to  accomplish  these  reduc- 
tions will  consist  primarily  of  zoning  and  flood  proofing.  Communities  in 
this  subregion  with  populations  in  excess  of  2,500  with  known  significant 
flood  problems  Include  Los  Banos,  Modesto,  Newman,  Madera,  Merced,  Raradise, 
Patterson,  Sonora,  Chowchilla,  and  Firebaugh.  Many  communities  with  expand- 
ing populations  are  expected  to  have  flood  problems  in  the  future,  and  will 
be  studied  as  their  needs  are  made  known.  Flood  plain  information  reports 
for  the  communities  named  above  are  scheduled  for  completion  by  1980.  Com- 
prehensive flood  damage  prevention  planning  and  implementation  of  non-struc- 
tural  flood  plain  management  measures  would  follow  in  each  flood  problem 
area  identified.  Flood  plain  management  measures  along  approximately  55 
stream  miles  could  be  implemented  for  urban  areas  including  the  above  listed 
communities.  Map  3 shows  the  areas  for  which  non -structural  flood  plain 
management  measures  are  proposed . 

Costs  for  future  non-structural  flood  plain  management  measures  are 
estimated  at  $2.8  million  for  the  1966-1980  period,  $6.2  million  for  the 
1981-2000  period,  and  $14.0  million  for  the  2001-2020  period. 

Potential  to  Satisfy  Future  Needs 

The  flood  control  program  presented  herein  would  reduce  the  projected 
average  annusLl  damages  $4.4  million  by  1980,  $12.1  million  by  2000,  and 
$30.8  million  by  2020  at  an  estimated  installation  cost  of  $92.4  million 
for  the  period  1966-1980,  $55.4  million  for  1981-2000,  and  $23.9  million  for 
2001-2020.  Estimated  annual  OM&R  costs  for  the  1966-1980,  1981-2000  and 
2001-2020  portions  of  the  flood  control  program  are  $0.76  million,  $0.69 
million  and  $0.63  million  (See  Tables  10,  10a  and  10b).  The  effect  of  the 
potential  flood  control  program  on  future  dsunages  is  shown  in  Table  8 and 
graphically  on  Figure  SJ-1,  and  its  effect  on  floodflows  is  shown  in  Table 
11. 
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Existing  Projects  (m  operation  1965) 

Reservoirs  «ith  Tlood  Control 


6 Helch  Hetchy 

7 Don  Pedro 

8 Lake  Eleanor 

9 Millerton  Loke 

(Frionf  Donft) 


A 


I.  Cherry  Va  Iley 

2 Burns 

3 Beor 

4 Owens 

5 Maripoio 

Other  Reservoir  or  Lake 
Levee  & Channel  Projects 
I Son  Joaquin  River  ( Non  Federal) 

Z Stanislaus  River 
3 Merced  Streom  Group 
Potential  Future  Flood  Control  Progrom 

A (1966  - 1960),  A|  (Constructed  or  Funded  for  Construction  os  of 
FY  19701.  8 (I9ei-2000),CtZ00l-2020USef  Tobl«6&7) 
Reservoirs  with  Flood  Control 
( New  Me(ones(A|l  9.  Burns  (A) 

10.  Beor  ( A] 

1 1 . Owens  (A) 

12.  Moriposa  (A) 

13  Morguerite  (A) 

W Suchonon  (A|) 

13  Hidden  (A| ) 


2 New  Don  Pedro  ( A | ) 

3.  New  Exchequer  (A|) 

4 Bogby  (B) 

5-  Montgomery  (81 
6.  Castle  (A) 

7 Los  Bonos  IA|1 
6 Hoystack  Min  (A) 

Levee  ft  Chonnel  Projects 

1 Son  Joaquin  River  (Federal)  ( A|,  B,  C) 

2 Cottonwood  Creek  (Cl 

3 Chowchiilo  River  (A) 

4 Fresno  River  (A) 

3 Tuolumne  River  (C) 

6 Merced  Streom  Group  (A) 

Watershed  Projects 

Locotions  of  non-slructurol  floodploin 

monogement  meotures 
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CALIFORNIA  REGION 


FLOOD  CONTROL  PLAN 
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SAN  JOAQUIN  BASIN  SUBREGION 

CALIFORNIA  REGION 

FLOOD  DAMAGE  AREAS  AND 
RIVER  FORECAST  SERVICE 

10  0 [0 £0 


Areas  Subject  to  Flooding 


2 • Major  Urban  Domoge  Centers 


River  Forecosting  Points 

[ 1 River  Stage  (Emsliag) 

1 Oronge  Blossom  Br.dge  5 Newmon 

2 R pon  6 Raymond 

3 Vernolis  Knowles 

4 Modesto  6 Mendoto 

River  Stoge  (Future) 

I  Yosem.te 

Reservoir  Inflow  (Ensting) 

1 Melooes  Reservoir  4 ficheguer  Reservoir 

2 Tulloch  Reservoir  5 Ffiooi  Reservoir 

3 Don  Pedro  Reservo-r 
Reservoir  Infiow  (Future) 

I Hetch  Heichy 


Existing  Reservoir  with  Flood  Control 

1 C^erry  voHey  6 Metct'  Metchy 

2 Burns  ^ Dof'  Ped'O 

3 Bear  B Loxe  Eleonor 

4 Owens  9 Millerton  Loxe 

fi  Moriposo  (Fnont  Dom) 


Other  Reservoir  or  L.oke 


Potential  Future  Reservoir  with  Flood  Control 
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TULARE  BASIN  SUBRRGTON 


General 


The  Tulare  Basin  Subregion  (TB^  Is  situated  In  south  central  Calif- 
ornia. It  extends  generally  from  Fresno  on  the  north  to  the  T^hachapl 
Mountains  on  the  south,  and  from  the  crest  of  the  Sl»rra  Nevada  on  the 
east  to  the  coastal  ranges  on  the  west.  (See  Map  TB-1,^  The  subreelon 
Is  about  160  miles  long  and  150  miles  wide  and  comprises  an  area  of  17, '^9] 
square  miles. 

The  climate  of  the  subregion  Is  characterized  by  hot,  dry  summers  and 
mild  winters  with  relatively  little  precipitation  In  valley  floor  areas, 
and  by  warm  dry  summers  and  cold  winters  with  heavy  rain  and  snow  In  the 
mountainous  areas.  Average  annual  precipitation  varies  with  elevation, 
ranging  from  a minimum  of  about  5 Inches  on  the  valley  floor  to  over  5^^ 

Inches  In  the  Sierra  Nevada.  Temperatures  normally  ranpre  from  winter  lows 
well  below  zero  In  mountain  areas  to  summer  hlp-hs  of  over  115  degrees  on 
the  valley  floor. 

The  subregion  had  an  estimated  population  of  906,0'^h  in  1965.  Its  econ- 
omy Is  based  primarily  on  agriculture,  the  petrol°um  and  other  diversified 
Industries,  mineral  production,  and  tourism.  Lumbering  and  the  production 
of  electric  transformers,  electronic  and  component  parts  for  missiles  and 
satellites,  Portland  cement,  tile,  brick,  and  pharmaceutical  products  ar° 
also  significant  economic  activities. 

Transportation  facilities  In  the  subregion  are  extensive.  Highly  devel- 
oped Federal,  State,  and  county  road  systems  afford  ready  access  to  all  parts 
of  the  subregion  and  to  ad,1oln1ng  areas.  The  area  Is  served  by  air  and  rail 
lines. 

The  basin,  whose  only  outlet  to  the  3<>a  is  a distributary  of  Kings  River, 
Is  separated  from  San  Joaquin  Basin  to  the  north  by  a low  ridge  formed  by 
the  coalesced  alluvial  cones  of  the  Kings  and  upper  San  Joaquin  Rivers. 

The  ma.ior  streams  draining  the  svibregion  are  Kings,  Kaweah,  Tul",  and 
Kern  Rivers.  These  streams  al],  rise  in  the  Sierra  Nevada  and,  with  the  ex- 
ception of  Kings  River,  terminate  In  the  ancient  beds  of  Tulare  or  Buena 
Vista  Lakes.  Kings  River,  flowing  along  the  alluvial  ridge  between  the 
Tulare  and  San  Joaquin  Basins,  divides  to  form  Kings  River  South,  which  flows 
Into  Tulare  Lake,  and  Kings  River  North,  which  flows  Into  San  Joaquin  River. 

A ivimber  of  minor  streams  and  stream  groups  drain  the  areas  between  the  malor 
stream  basins  along  Sierra  Ne\'ada,  and  other  stream  groups  drain  the  eastern 
slopes  ot  the  coastal  ranges. 

Additional  Information  of  the  subregion  can  be  found  In  Appendix  II, 

"The  Region,'' 


For  the  investigation  of  present  and  future  flood  problems  and  the 
analysis  of  potential  solutions,  the  subregion  has  been  divided  Into 
the  following  study  areas:  Fresno  County  Stream  Group,  Kings  River 

Basin,  Kaweah  River  Basin,  Tule  River  Basin,  Poso  Creek  Stream  Group, 
Kern  River  Basin,  Caliente  Creek  Basin,  Streams  Tributary  to  Buena 
Vista  Lake,  Westside  Stream  Group-Tulare  Basin,  and  Tulare  Lake.  The 
principal  streams  in  these  areas  su*e  shown  on  Map  2. 

History  of  Flooding 


Floods  have  been  a significant  factor  in  the  development  of  the  sub- 
region.  The  two  general  flood  types  Eire:  l)  the  late  fall  and  winter 

months  ralnflood  primarily  as  a result  of  prolonged  general  ralnstoms 
in  the  mountain  and  valley  floor  areas;  and  2)  the  spring  and  early 
summer  months  runoff  primarily  as  a result  of  the  melting  of  the  winter 
snowpack  in  the  Sierra  Nevada.  A description  of  the  most  noteworthy 
floods  of  the  late  1800's  and  early  1900 's  is  Included  in  the  Regional 
Summary  of  the  appendix.  A flood  in  1932  caused  16  persons  to  lose 
their  lives  but  damage  records  are  not  available  for  that  time  period. 

On  a subregional  basis,  the  1955-1956,  the  1966-1967  and  the  1968- 
1969  floods  are  considered  to  be  sunong  the  more  severe,  although  other 
floods  may  have  caused  hlgner  flows  on  individual  streeuns. 

During  late  December  1955,  intense  rainstorms  in  the  subregion  re- 
sulted in  exceptionally  large  streamflows  and  subsequent  flooding.  Snow- 
melt added  about  1 inch  of  water  to  the  basin-mean  runoff.  About  183,000 
acres  were  Inundated  (almost  all  agricultural  lands)  during  the  flood 
with  damages  totaling  nearly  $18  million. 

During  1966-1967,  floods  claimed  three  lives  and  Inundated  about 

142.000  acres.  Resulting  damages  totaled  $26.4  million  with  agri- 
cultural and  public  facility  deimages  comprised  over  65  of  the  total. 
Floodflows  along  the  Kaweah  and  Tule  Rivers  Eire  shown  in  Photos  TB-I 
and  TB-ri. 

Rain  and  snowmelt  flood-  occurred  in  the  Tuleire  Basin  Subregion 
during  the  1968-1969  flood  season.  Up  to  50  Inches  of  rain  occurred  in 
the  upper  portion  of  the  Tulare  Basin  in  January,  and  substantial  but 
lesser  amounts  in  February.  These  storms  in  addition  to  causing  flood- 
ing left  a snowpack  of  unprecedented  depth  and  water  content  (220-340 
percent  of  normal).  The  flood  season  was  climaxed  during  the  period 
April  through  July  when  near  record  snowmelt  flooding  Inundated  about 

540.000  acres  causing  flood  damages  in  excess  of  $76  million.  Total 
volume  of  snowmelt  for  the  subregion  was  estimated  at  5,770,000  acre- 
feet  which  approached  the  previous  record  in  1906. 

Flood  fighting  and  cleanup  costs  under  various  Federal  programs  were 
about  $0.9  million  during  the  1955-1956  flood  and  about  $2.5  million  for 
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the  1966-1967  flood.  DauaRes  from  these  and  other  slwilficant,  recent 
floods  In  the  subrea;lon  are  tabulated  below  and  are  shown  In  more  detail 
In  Tables  1 and  2. 


Flood  damages  1/  f '’’!. 

000^ 

Flood 

year 

:Forest  & range:Agrlcul- 
: resources  : tural 

: & facilities  : & land 

rResldential : 
: & : 
: commercial  : 

Industrial 

& 

utility 

: Public 

:facllitles 

Total 

1955- 

1956 

1,376 

5,859 

5,501 

989 

4,270 

17,985 

1958 

0 

3,481 

34 

1 

323 

3,  839 

1962- 

1963 

0 

95 

32 

50 

369 

44  6 

19  66- 
1967 

5,043 

4,  765 

1,977 

2,  124 

12,574 

26,493 

19  68- 
1969 

2,249 

39,098 

7,085 

6,231 

21,705 

76,368 

T7  Based  on  prices  and  pro,1ect  and  economic  conditions  at  time  of 


occurrence  of  flood.  j 

Peak  flows  of  maximum  floods  of  record,  100-year  floods,  and  standard 
project  floods  for  selected  stations  In  the  subregion  are  shown  in  Table  11. 

Present  Status  of  the  Flood  Control  Improvements 

Th«  exlstlnfi"  flood  control  improvements  within  the  subregion  comprise 
a variety  of  measures  to  reduce  flood  damages.  (See  Map  3.)  They  Include 
flood  forecasting,  flood  control  reservoirs,  floodwater  retardation  struc-  \ 

tiures,  locally  owned  levee  systems,  and  tributary  watershed  treatment. 

"xlstlng  measures,  which  are  described  In  more  detail  In  following  para-  j 

graphs,  provide  flood  protection  to  of  the  area  subject  to  flooding.  . 

With  a few  exceptions  ^principally  the  locally  owned  levels\  the  degree  | 

of  protection  provided  by  existing  flood  control  treasures  varies  from  ! 

year  or  greater  flood  protection  In  urban  areas,  and  from  10  to  5'7-year 

flood  protection  In  agricultural  areas.  ^ 

River  and  flood  forecasts  are  prepared  and  distributed  by  the  Federal- 
State  River  Forecast  Center  In  Sacramento.  These  Include:  l)  Inflow  fore- 
casts for  the  major  structures  such  as  Pine  Flat,  Terminus,  Success  and 
Isabella  Dorns,  P'1  flood  stage  forecasts  for  urban  areas  above  and  below 
the  dams  as  required,  and  3^  forecasts  of  volume  of  Inflow  Into  Tulare 
Lake  during  periods  of  high  snowmelt. 
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During  periods  of  heavy  winter  rainfall,  warnings  are  Issued  for  Sprlng- 
vllle,  Three  Rivers,  and  Kemvllle,  and  for  Bakersfield  and  Porterville 
when  upstr'^am  flows  exceed  channel  capacity.  Inflow  forecasts  to  the 
reservoir  are  provided  to  aid  In  flood  control  operations  during  winter 
storm  periods  and  the  spring  snowmelt  period.  Forecast  points  are  in- 
dicated on  Map  4. 

Fxlstlng  malor  flood  control  reservoirs  In  the  subregion  are  operated 
to  provide  a maximum  of  1, B?1,000  acre-feet  of  flood  control  storage 
during  the  most  critical  flood  situations.  (See  Table  6'^.  These  proj- 
ects are  shown  on  Map  S.  Success  and  Pine  Flat  Dams  are  shown  In  Photos 
TB-IIT  and  T3-IV,  The  existing  flood  control  reservoirs  are: 


Study  area 

Reservoir  ; 

Stream 

: Flood  ; 

: control  : 

Drainage 

: capacity  : 

ar-^a 

: ^ac.  -ft.  '' : 

’sq.  miles' 

Kings  Ri”er  Basin 

Pin<=>  Flat 

Kings  Rivor 

1 o,nn  ono 

1,545 

Fresno  County  Stream 

Group 

Big  Dry  Creek 

Big  Dry  Creek 

16, 000 

B6 

Kaweah  River  Basin 

Terminus 

Kaweah  River 

150, "Oo 

560 

Tule  River  Basin 

Success 

Tule  River 

65,000 

791 

Kem  River  Basin 

Isabella 

Kern  River 

5 70, ooo 

2,074 

Other  reservoirs  In  the  subregion,  though  not  having  flood  control  as 
a designated  function,  provide  incidental,  but  often  significant,  flood 
control  benefits.  Reservoirs  of  this  type  are; 


Reservoir 

: Stream 

: Construction  agency 

Courtrlght 

Helms  Cr<»ek 

Pacific  Gas  & Flectric  Company 

Wlshon 

North  Fork 

Kings  River 

Pacific  Gas  & Flectric  Company 

Fine  Fl.it  D.im  on  Finns  River*  (Corps  of  Kn4}iru‘or.s  Photo,) 


PHOTO  TH-TV 


Tn  tributary  vatprshed  arr^as,  flocvi  pr^v^ntlon  work  has  dnf> 

<=ntdr«ly  to  primto  in’tiativ^  and  has  bo«n  confined  mostly  to  channel 
work,  stabilization  structures,  If^v^e  construction,  and  basic  land  treat- 
ment measures. 

The  Flood  Plain  Manap;ement  Services  Procram  of  the  Corps  of  ^’nci'neers 
is  covered  in  detail  In  the  Regional  Summary  of  this  appendix.  Under  the 
program,  flood  hazard  inforination  is  beinr;  furnished  to  local  agencies 
for  use  in  evaluatlnc-  the  flood  hazard  of  individual  sites. 

The  accomplishments  of  the  existlnp;  flood  control  measures  '’and  others 
that  provide  Incidental  flood  control  benefits''  have  been  substantial. 

They  have  functioned  effectively  to  reduce  flcodflows  and  resulting  flood 
dama.v:e.  The  flood  control  system  existing  in  1965  would  have  prevented 
tpd. ' million  in  flood  dama.'es  durinm  the  1955  flood  and  t'lS.S  million  in 
flood  damai^:es  durine:  the  1P58  flood.  During?  the  iPGP-1969  flood  season 
emergency  work  was  accomplished  under  ^ration  Foresip;ht  du«  to  the  un- 
precedented snowpack  conditions  exlstino  prior  to  the  snowmelt  flood  period. 
The  work  consisted  largely  of  channel  clearinr  and  strengthening,  raising, 
extending  and  reinforcing  existing  levees  on  streams  expected  to  be  af- 
fected by  the  extremely  heavy  snowpack  runoff.  Most  of  the  work  was  accom- 
plished on  non-Federal  improvernents . The  capacities  of  Success  and  Term.inus 
Reservoirs  were  temporarily  increased  by  means  of  spillway  barriers  which 
resulted  in  a substantial  reduction  of  floodflows.  Generally  the  emergency 
protective  meas'ures  wer”  very  eff-^ctive  and  should  be  of  continuing  benefits 
because  the  facilities  are  to  b”  maintained  by  local  interests.  The  pre- 
ventive measures  taken  resulted  in  benefits  exceeding  three  times  the  costs 
expended.  It  is  estimated  that  average  annual  damages  prevented  by  existing 
measures  exceeds  t9.6  million.  Additional  details  ar«  included  in  Table  p. 

Although  the  subregion  currently  is  afforded  a considerable  d'’gre<^  of 
flood  protection,  flood  problems  still  exist  in  som°  areas.  Flooding 
along  some  of  the  rivers  in  the  area  result  in  damB.c-es  to  agricultural  and 
urban  properties.  (See  tabulation.  Page  TP-0,^  The  problem.s  are  especially 
serious  in  the  Kings,  Kaweah,  Tule,  and  Kern  River  Basins;  in  the  Caliente 
Creek  Basin;  an.i  in  the  Peso  and  Westside  Stream.  Groups. 

In  the  valleys  of  the  Tulare  Basin  Subregion  considerable  streambank 
erosion  and  land  loss  due  to  sloughing  occurs  in  many  areas.  Streambank 
erosion  can  be  found  to  a certain  degree  along  miles  of  stream  chan- 

nel, with  76'  miles  considered  "serious'  . The  average  annual  land  loss 
damage  due  to  streami'ank  erosion  throughout  the  subregion  reaches  ^?no,00^. 
The  land  loss  avera 'es  about  170  acres  yearly  of  which  about  P5  percent  is 
in  urban  areas.  In  the  upstream  watershed  areas,  sheet  erosion  on  steeper 
lands  3 a constant  thr'^at.  Tables  1,  .7  and  4 show  damage  categories, 
listing  land  and  forest  and  range  resources.  These  two  categories  index 
the  magnitude  of  the  erosion  problem,  for  the  subregion. 


Tne  aforementlonpd  flood  problems  result  In  average  annual  damages 
sunmartzed  as  follows; 


Study  area 

Fsti mated  average 
annual  damage  1/  (.'*'1,000' 

Fresno  County  Stream  Group 

541 

Kin.gs  River  Basin 

672 

Kaweah  River  Basin 

1,256 

Tule  Riven  Basin 

661 

Poso  Creek  Stream  Group 

1,019 

Kern  River  Basin 

2,  652 

Caliente  Creek  Basin 

1,  162 

Streams  Tributary  to  Buena  Vista  Lake 

169 

Westside  Stream  Group-Tulare  Basin 

991 

Tulare  Lakebed 

564 

Total  Tulare  Basin  Subregion 

9,466 

Additional  details  are  contained  in  Tables  and  4 for  the  subregion  as 
a whole  and  in  Table  9 for  urban  areas.  Major  urban  damage  centers  and 
areas  of  the  subregion  subject  to  flooding  are  shown  on  Map  4. 


Future  Needs 


It  is  evident  from  an  examination  of  current  (1965'  flood  problems, 
additional  flood  control  measures  are  required.  Average  annual  flood 
damages  ''based  on  1965  prices  and  conditions)  amout  to  •‘*'9.5  million. 

The  flood  problems  of  the  area  will  Increase  in  the  future  due  to  the 
pressures  of  population  and  economic  growth  and  resultant  Increases  in 
use  of  flood  plains.  The  population  of  the  Tulare  Basin  Subregion  is 
projected  to  increase  from  9*^6, ^00  in  1965  to  1,  171,000  in  1990,  l,9o?,000 
in  2000  and  5, 454,ooo  in  20?0  ^ base  plan  projections'.  Average  annual 
flood  damages  are  expected  to  increase  to  ^•’14.2  million  by  1990,  to  ■'*'2.5.7 
million  by  2000,  and  to  j‘4'^.9  million  by  2020  if  additional  flood  control 
measures  are  not  provided  after  1965.  Fstimated  damage  data  for  existing 
and  future  conditions  are  contained  in  Tables  5 and  9a. 

Measures  Required  to  Satisfy  Future  Needs 

Improved  flood  forecasting  will  be  part  of  the  comprehensive  flood 
control  program.  The  optimum  operation  of  flood  control  projects  can 
most  nearly  be  obtained  by  a we 11 -coordinated  system  of  forecasting.  The 
development  of  impro'^ed  forecast  procedures,  particularly  for  snewr.ielt 
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periods,  will  be  a high  priority  requirement.  Such  procedures  will  be 
required  for  coordinating  releases  from  major  reservoirs  during  high  in- 
flow periods.  To  do  so,  however,  extensive  supplementation  of  the  hydro- 
logic  data  collection  and  telemetering  network  must  be  effectuated.  Em- 
phasis must  be  placed  on  additional  precipitation,  temperature,  and  snow 
water  sensors,  particularly  in  the  higher  elevations.  The  required  im- 
provements to  the  flood  forecasting  system  are  estimated  to  cost  ^490,000 
for  the  1966-1980  period,  !*'39O,O00  for  the  1981-9000  period,  and  t340,000 
for  the  2001-2020  period. 

Floodvater  storage  in  reservoirs  will  be  an  Important  element  future 
flood  control  program.  An  additional  l,6fl7,noo  acre-feet  of  flood  con- 
trol capacity  are  required  in  the  subregion.  See  the  following  tabula- 
tion: 


Study  area / : 

: Flood  : 

: control  : Drainage 

time  f rame  : 

in  which  n°edo;j  ; 

Reservoir 

Stream 

: capacity  : area 

: f ac. -ft. 1 : f sq.  miles) 

Fresno  County  Stream  Group 


1991-?^ 

Big  Dry 
^ enlargement'' 

Big  Dry  Creek 

26,  ^Oo 

104 

1991-2000 

Owens  Mountain 

Little  Dry  Creek 

gOO,ooo  jy 

1981-2O00 

Detention 

Structure 

No  Name 

1,000 

6 

Kings  River  Basin 

1991-2^00 

Pledra,  Mill 

Kings  River, 
Mill  Creek 

150^  ooo 

1,  707 

19«l-2'^O0 

Detention 
Structures  (S'' 

( Various '' 

i,'^oo 

6 

P902-P'^29 

Rogers  Crossing 

Kings  River 

non 

956 

Kaweah  River  Basin 

1966-1980 

Detention 

Structures 

( Var  i ous '' 

c 

c 

c 

19^1 -2000 

Detenti on 

Structtjres  (?’' 

( Var  i ous '' 

2,000 

51 

pOe  ] .pop/i 

South  Fork 
Kaweah 

Kaweah  River 

25,000 

896 

200  l_2op0 

Limekiln 

Limekiln  Cre-^k 

20,000 

80 

Tule  River  Basin 

pi  ,01-2^'2^' 

North  & Middle 
Fork 

Tule  River 

65, ono 

210 

Study  area ' 
time  frame 

in  which  neevd" 

; Rf^Sf^rvoir  : 

d ; : 

Stream 

: Flood 

: control 
; capacity 
: ( ac.  -ft . ' 

rVa  1 name 
area 

^ sq.  miles) 

Poso  Creek  Stream  Group 

19«1-P^''00  Hunspr'y  Hollow 

*^p  r'A'\ 

IPP 

IG^l-peo^i 

Poso 

Peso  Creek 

A 

P99 

19 ‘-S  i-pOO"'' 

]>tent1on 
Structures  ^^5^ 

( Var'ous 

5^000 

4’^ 

pr l^pnpf' 

Oulncy  School 

Wliite  River 

or 

OP 

Detent'’  on 
Structures  ^ 4 '' 

' Various '' 

P,  ■"DO 

151 

Kern  River  Basi 
199i_2'Vdo 

n 

Junction, 

Rockhouse 

Kern  River 

Ppo^OOe 

1,  "90 

PCOl-POPO 

Anth  ■:  11 

Kern  River 

50^  ono 

Caliente  Creek 

196P-1990 

Basin 

Detent  on 
Structures  (p'' 

( Various' 

i,Don 

n 

19  R 1-PC.OC 

Detentl on 
Structures  11 1 

(Various'' 

44"^ 

pop ]_p^pn 

Caliente  Creek 

Caliente  Creek 

rr,  Doo 

74’' 

Wests Ide  Stream 
Tulare  Basin 

]9^  l-P',^00 

Group- 

Zapato,  Nunez, 
Alcalde^  Jacallto 

Coal  Inca  Gr  ou'd 

7;  , ^0^ 

P95 

1991-P090 

Detent  ■'on 
Struct'.ires  ( 7 1 

(Various' 

IP,  DOO 

P^6 

pf^-'  ] .p'  p'*' 

Detent 'on 
Structures  ''pl 

( iarlous 1 

1.000 

10 

TOTAL 

1,  6=sD^00o 

'y  Off  stream  stor^re. 


The  r^'servolrs  listed  above  are  shown  on  f-lap  ’ and  additional  inforTratlon  on 
■''lood  control  storap'*'  Is  contained  Tahl°  6.  ^stimat^d  costs  for  additional 
flood  control  capacity  ar°  f^stlrrated  at  '’’P.O  m111-'‘on  for  th«  iopp.^oao  period, 
'*'14  1,9  million  for  the  1991-Pnoo  prr’od,  and  million  for  th^  POOUPOpf'' 

period, 

Pr«’11mlnary  studies  Indicate  that  I'^vof's  and  channel  work  Is  desirable 
in  the  foil  owl np  areas  of  the  subrep;  ion: 
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Study  area  : 

Levees 
f Bank  Mi les ' 

Channels 
( Ml les ' 

Fresno  County  Stream  Group 
19R.1-P00U 

0 

Klns^s  River  Basin 
19G6-1980 

SO 

60 

Kaweah  River  Basin 
1966-1940 

0 

?s 

Poso  Creek  Stream  Group 
igpi-PtblO 

0 

50 

?001-?0?(C 

0 

R 

Caliente  Creek  Basin 
1966-1980 

10 

■7, 

?noi-?op^ 

.so 

50 

Wests  ide  Stream  Group- 
Tulare  Basin 
19'71  -pOOO 

fl 

1? 

?001-?'^?C 

0 

n 

TOTAL 

70 

?61 

The  approx 'rnat.®  location  of  and  chann^'l  work  Is  lnd1cat<^d  on  Map  ^ 

and  additional  details  are  includf>d  in  Table  7.  The  estiiTHt°d  costs  for 
required  levee  and  channel  work  are  m-jinon  for  the  1966-19b<^  period, 

million  for  the  1991-PnnO  period,  and  tio.p  million  for  the  ?ooi_?n?n 
period. 

The  structural  measures  discussed  in  the  preceedlnr  paraerraphs  will  he 
complemented  by  non-structural  land  treatment  measures  for  soil  and  water 
conservation.  In  this  subreption,  the  land  treatment  measures  will  include 
m.ost  of  the  practices  listed  in  the  Regional  Summary  of  this  appendix.  See 
Map  for  potential  watershed  pro.lect.  'Estimated  costs  and  acres  of  water- 
shed and  treatment  measures  are  tabulated  below. 


Lan(i  Treatment 

1966-19R0 

19R  1 -poon 

Thousand  acres 

47 

96 

44  7 

Tl’.ou.sand  dollars 

1,200 

S,  loo 

1 , oon 
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Flood  plain  zonlns;,  flood  proofing  and  other  non -structural  flood 
plain  management  measures  have  been  incorporated  in  the  future  flood  con- 
trol program.  Fresno  County  Streeun  Group  and  Caliente  Creek  Basin  are 
the  primary  areas  considered  in  the  1966-19B0  time  frame.  After  1980 
Kaweah  River  Basin  and  Caliente  Creek  Basin  would  receive  most  consider- 
ation for  such  measures.  Table  9b  shows  damages  reduced  by  such  non- 
structural  measures  for  urban  areas  in  the  subregion.  Communities  with 
populations  in  excess  of  9,500  with  known  significant  flood  problems 
include  Bakersfield,  Clovis,  Coalinga,  Rxeter,  Ford  City,  Taft,  Fresno, 
Kernville,  Lamont,  Lindsay,  Mendota,  Porterville,  Reedley,  Tulare,  and 
Visalia.  Many  communities  with  expanding  populations  are  expected  to 
have  flood  problems  in  the  future  and  will  be  studied  as  their  needs 
are  made  known.  Flood  plain  information  reports  for  Kaweah,  Kern,  and 
Tule  Rivers;  Fresno  County  Stream  Group;  Caliente  Creek  Group;  and 
Streams  Tributary  to  Buena  Vista  Lake;  are  scheduled  for  completion  by 
1980.  It  is  anticipated  that  flood  plain  information  reports  for  all 
the  communities  named  above  will  be  completed  before  the  year  ?000.  Com.- 
prehenslve  flood  damage  prevention  planning  and  implementation  of  flood 
plain  management  measures  would  follow  in  each  flood  problem  area  identi- 
fied. Non-structural  flood  plain  management  measures  along  approximately 
140  stream  miles  could  be  implemented  for  urban  areas  including  the  above 
listed  communities.  Map  3 shows  principal  areas  for  which  non-structural 
flood  plain  management  measures  are  proposed.  Costs  for  future  non- 
structural  flood  plain  management  measures  are  estimated  at  tlO.7  million 
for  the  1966-1980  period,  .t4.4  million  for  the  1981-9^00  period,  and  .*19.8 
million  for  the  2001-9090  period. 

Potential  to  Satisfy  Future  Needs 

The  flood  control  program  presented  herein  would  reduce  the  pro^iected 
average  annual  damages  .*1.5  million  by  1980,  ^'9.8  million  by  2000,  and 
?32.4  million  by  2020  at  an  estimated  installation  cost  of  ^30.2  million 
for  the  period  1966-1980,  tl59.5  million  for  1981-2000,  and  .*114.4  million 
for  2001-20PO,  Fstimated  annual  OlBtR  costs  for  the  1966-1980,  1981-2000 
and  2001-2020  portion  of  the  flood  control  program  are  .*0,60  million, 

^1.24  million  and  .*1.19  million  (See  Tables  10,  10a  and  lOb^.  The  effect 
of  the  potential  flood  control  program  on  future  damages  is  shown  in  Table 
8 and  graphically  on  Flgtu-e  TB-I,  and  its  effect  on  flood  flows  is  shown 
in  T^ble  11. 
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AVERAGE  ANNUAL  DAMAGE  ($  MILLION) 


[ I Damage  Reduction  due  to  200i  - 2020  Flood  Control  Progrom 

I I Damage  Reduction  due  to  I96l  ■ 2000  Flood  Control  Progrom 

I I Damage  Reduction  due  to  I966  - 1980  Flood  Control  Progrom 


I i Retiduol  Damage 

CALIFORNIA  REGION 
COMPREHENSIVE  FRAMEWORK  STUDY 

PROJECTED  AVERAGE  ANNUAL  FLOOD  DAMAGES 


(1965  PRICES  AND  PROJECT  CONDIT lONS-DATA  FROM  TABLES  5 A 81 
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0 

965 
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4.2 
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I.  Existing  Proiects  (inoperotion  1965) 
Reservoirs  with  Flood  Control 
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A(i966-I980).  8(1981-2000).  C (200t  •2020)(S«e  Toole  6 8 7) 

Reservoirs  with  Flood  Control 

I.  Big  Of  y CreeK  (B  )(enlofq*ment)  13  Junction  (B) 


2.  Owens  Mountom  ( B) 
3 Piedro  (0) 


5 Roger*  Crossing  (C) 

6 S F Kaweoh  (C) 

7 L^r^ekllr^  (C) 

8 N F Tjle  (C) 

9 M F Tuie  (C) 

10  Hungry  HoHow  (81 


14  Rockhouse  (B) 

!5  Ant  HiH  (C) 

16  Cotienie  Streom  Group 

Detention  Sos'rts  ( C) 

17  Zopoto  Chmo  (B) 

18  Surer  Ronch (B) 


>9  Mcoide  Ronch  (B) 


2C  jcco'itos  (01 


12  Oumcy  School  (C) 

Levee  8 Chonne!  Pro,ects 


1 Kern  R'ver  (A  I 


2 Co'  ente  S’teom  Group  iCl  5 L'*tle  Dry  Creek  (B) 

3 CoQimgo  Streorr-  Croup(B)  6 Redbonh  8 Foncher  Creeks  (0) 

Watershed  Projecrs 

Locations  ot  non  structurol  floodplQin 
monogement  rneosures 
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Potential  Future  Reservoir  with  Flood  Control 
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General 

The  North  Lahontan  Subregion  (NL)  Is  situated  in  northeastern 
California.  It  extends  generally  from  Oregon  on  the  north  to  Bridgeport, 
Mono  County,  on  the  south,  and  from  the  crest  of  the  Sierra  Nevada  on  the 
west  to  the  California-Nevada  state  line  on  the  east.  (See  Map  NL-1.)  The 
siibregion  is  about  270  miles  long  and  20  miles  vide  and  comprises  an  area 
of  6,084  sq\jare  miles. 

The  climate  of  the  s\ibregion  varies  widely  because  of  differences  in 
topography,  elevation  and  exposure  to  moisture-bearing  winds.  Some  sec- 
tions of  the  subregion  in  the  Sierra  Nevada  average  40  Inches  of  pre- 
cipitation per  year  while  more  desert  areas  receive  only  3 inches. 
Temperatures  also  show  wide  seasonal  variations  with  a summer  mean  monthly 
nBxlmum  temperat\ire  of  87  degrees  and  a winter  mean  monthly  maximum  temp- 
erature of  37  degrees.  With  the  exception  of  the  high  mountain  areas, 
summers  are  short  and  hot  and  winters  are  long  but  only  moderately  cold. 

The  subregion  had  an  estimated  total  population  of  39,000  in  1965. 

The  economy  is  dependent  upon  agriculture,  recreation,  luntoerlng  and 
mining.  The  principal  agricultural  activities  are  cattle  raising  and 
production  of  forage  crops.  The  Lake  Tahoe  area  has  a large  summer  popu- 
lation and  is  an  Important  year  round  recreation  area. 

Transportation  facilities,  with  the  exception  of  the  Lake  Tahoe  area, 
are  not  extensive  due  to  the  sparse  population  and  scattered  land  develop- 
ment. However,  one  major  highway  extends  north  and  south  through  the  sub- 
region,  and  a number  of  state  highways  provide  access  to  adjoining  areas. 
South  Lake  Tahoe  is  the  only  city  to  which  airlines  maintain  scheduled 
flights. 

The  subregion  consists  of  the  California  portions  of  the  Susan,  Truckee, 
Carson,  and  Walker  River  Basins,  suid  Surplse  Valley.  These  areas  have  no 
outlets  to  the  sea  and  stream  courses  terminate  in  lakes  or  playas  that 
are  remnants  of  ancient  Lake  Lahontan.  Susan  River  flows  generally  south- 
easterly terminating  in  Honey  Lake.  The  Carson  and  Walker  Rivers  originate 
in  California  but  terminate  in  Carson  Sink  and  Walker  Lake,  respectively, 
in  Nevada.  Truckee  River,  originating  at  Lake  Tahoe,  flows  to  Pyramid 
Lake  in  Nevada.  Most  of  the  streams  draining  Surprise  Valley  originate 
along  the  steep  slopes  of  the  Warner  Mountains  and  discharge  into  Upper, 
Middle  or  Lower  Alkali  lakes. 

Additional  information  on  the  subregion  can  be  found  in  Appendix  II, 

'*The  Region." 


For  the  investigation  of  present  and  future  flood  problems  and  tne 
analysis  of  potential  solutions,  the  subregion  iias  been  subdivided  Into 
the  following  study  areas:  Surprise  Valley,  Susan  Kiver  Basin,  Truckee 

River  Basin,  Carson  River  Basin  and  Walker  River  Basin.  The  principal 
stresuas  in  these  areas  are  shown  on  Map  2. 

History  of  Flooding 

The  North  Lahontan  Subregion,  similar  to  other  subregions  in  northern 
and  central  California,  is  periodically  subject  to  widespread  storms  dur- 
ing the  winter  season  from  November  through  March.  Floods  are  of  three 
types:  1)  those  that  occur  during  the  late  fall  and  winter  months,  prl* 

marlly  as  a result  of  prolonged  general  rainstorms;  2)  those  tliat  occur 
during  the  spring  and  early  summer  months,  primarily  as  a result  of  the 
melting,  of  the  winter  snowpack  in  the  high  areas  of  the  Sierra  Nevada; 
and  3)  those  tnat  occur  during  the  late  spring  through  fall  months  as 
a result  cf  intense  local  rainstorms.  The  most  significant  type  is  the 
late  fall  and  winter  floods  caused  by  general  rainstorms.  On  a subre~ 
gional  basis,  the  1950-1951  and  1962-1963  floods  are  considered  to  be 
the  most  severe,  although  other  floods  may  have  caused  higher  flows  on 
individual  streams. 

During  the  1950-1951  flood,  damages  occurred  as  a result  of  intense 
winter  rainstorms  producing  large  stresunf lows  on  the  Truckee,  Carson,  and 
Valker  Rivers.  About  5,000  acres  were  inundated  during  the  flood  and 
damages  were  nearly  $800,000'.  The  floods  of  1962-1963  caused  extensive 
damage  in  the  Carson  River  Basin.  About  18,700  acres  were  Inundated 
and  damages  exceeded  $800,000.  Agricultural  and  public  facility  damag.es 
comprised  over  80,*  of  the  total  flood  damage.  The  most  severe  floods 
of  record  occurred  in  December  1964-January  1965.  Nearly  $900,000  dam- 
age resulted  from  the  inundation  of  about  20,000  acres,  with  the  greatest 
damage  occurring  in  the  Truckee  River  Basin. 

Flood  fighting,  and  cleanup  costs  under  the  various  Federal  programs 
were  about  $40,000  for  the  1950-1951  flood  end  about  $60,000  for  the 
1962-1963  flood.  Dama^-es  from  these  and  other  significant  recent  floods 
in  the  subregion  are  tabulated  on  page  Iv  *j  S-i'd  are  ;:.hown  :n  more  detail 
.n  Table  1 anu  2. 
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Flood  damages  1/  ($1,000) 

:Forest  i range tAgrlcultural  :Resldentlal : Industrial : Public  :Total 

Flood:  resources  : : 4 : & : facilities: 

year  : 4 facilities  : land  :coninierclal  : utility  : | 


1950- 

1951  367  157  24  245  2/ 

1955- 

1956  322  31  0 21  276 


1962- 

1963 

130 

273 

18 

1 

400 

822 

1964- 

1965 

311 

217 

58 

18 

278 

882 

IT  Based  on  prices  and  project  and  economic  conditions  at  time  of  occurrence 

of  flood. 

2/  Total  damages  Including  Industrial,  utility,  and  public  facilities. 

Peak  flows  of  maximum  floods  cf  record,  100-year  floods  and  standard 
project  floods  for  selected  stations  In  the  subregion  are  shown  In  Table  11. 

Present  Status  of  Flood  Control  Improvements 

The  existing  flood  control  Improvements  within  the  subregion  comprise  a 
variety  of  measures  to  reduce  flood  damages.  (See  Map  3.)  They  Included 
flood  forecasting,  flood  control  reservoirs,  minor  channel  projects  and 
tributary  watershed  treatment.  Existing  measures,  which  provide  ouly  minor 
protection  to  the  area  as  a whole,  are  described  In  more  detail  In  follow- 
ing paragraphs.  About  5-  of  the  area  subject  to  flooding  Is  protected. 

Flood  forecasts  are  prepared  and  distributed  by  the  Federal -State  River 
Forecast  Center  In  Sacramento.  These  forecasts  Involve  principally: 

(l)  Inflow  to  Lake  'Pahoe  to  allow  operators  to  make  releases  that  will  pre- 
vent the  lake  from  exceeding  the  maximum  elevation  (6,229.1  feet)  set  by 
F»»dpr8j  d**cree  In  September  1944;  (2)  inflow  forecasts  for  regulation  of 
•-oarer  and  Boca  Reservoirs;  and  (3)  river  stage  forecasts  at  downstream 
*nt  alorw  the  Truckee,  Carson,  Walker,  and  Susan  Rivers.  Forecast  points 
' -wr.  on  Map  4 . 

a*»r  Reservoir  Is  the  only  reservoir  In  the  subregion  operated  for 
. It  har  a drainage  area  of  50  square  miles  and  provides  a 
■ ’ , acre -feet  of  flood  control  storage  during  the  most  cri- 

' * .at'  ns.  Map  3 shows  Prosser  Reservoir  and  the  other  exist- 
% rk  referred  to  In  this  report.  Other  reservoirs  in  the 
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subregion,  though  not  liavlng  flood  control  as  a designated  function,  pro- 
vide incidental,  but  often  significant  flood  control  benefits.  Reservoirs 
of  this  type  are: 


Reservoir 

: Stream 

: Construction  agency  or  operator 

Boca 

Br  idgepor 
Tahoe 

Little  Truckee  River 
East  Walker  River 
Truckee  River 

Washoe  County  Conservation  District 
Walker  River  Irrigation  District 
Federal  Court  Watermaster 

The  only  channel  pro,ject  in  the  subregion  is  on  the  Truckee  River.  It 
is  less  thaji  1 mile  long  and  is  immediately  downstream  from  lake  Tahoe 
outlet . 

Work  in  watershed  areas  has  been  mainly  local  land  treatment.  Indi- 
vidual Is'idowners  and  groups  of  farmers  and  ranchers  have  installed  these 
measures,  working  with  some  aid  from  various  State  and  Federal  agencies. 

The  Flood  Plain  Management  55ervlces  ^ogram  is  covered  in  detail  in  the 
Regional  Summary  of  this  appendix.  Under  the  program,  flood  hazard  infor- 
mation is  being  furnished  to  local  agencies  for  use  in  evaluating  the  flood 
hazard  of  individual  sites. 

The  flood  control  measures  existing  in  1965  prevented  about  $1,500,000 
in  flood  damages  during  the  1962-1963  flood  and  would  have  preventexl  about 
$250,000  in  flood  damsiges  during  the  1950-1951  flood.  It  is  estimiated 
that  annual  damages  prevented  bv  existing  measures  exceed  $15,000.  Addi- 
tional details  are  Included  in  Table  2. 

Flood  problems  in  the  North  Ia,hontan  Subregion  are  much  in  evidence. 

In  contrast  to  many  of  the  other  subregions  in  the  California  Region,  this 
subregion  does  not  have  a highly  developed  flood  protection  system. 

Flooding  occurs  along  many  of  the  streams  with  resulting  damages  to  agri- 
cultural and  urban  properties.  The  problems  are  especially  serious  along 
Bldwell  Creek  in  Surprise  Valley  and  the  Susan,  Truckee,  Carson,  and 
Walker  Rivers.  Much  of  the  flood  problem  in  tributary  watershed  area.s 
has  not  been  alleviated. 

As  Indicated  in  the  tables  on  flood  damages  (Tables  1,  3,  and  4)  con- 
siderable land  damage,  including  channel  and  bank  erosion,  occurs  in  many  of 
the  areas  subject  to  Inundation.  Lake  Tahoe,  Susan  River  and  the  Surprise 
Valley  streams  in  particular  are  areas  of  critical  erosion  problems.  In 
these  areas  over  100  acres  of  stream.-adjacent  land  are  lost  annually;  up 
to  50^'  of  the  sedlm.ent  production  is  streambank  erosion.  This  is  particu- 
larly serious  in  the  Tahoe  area  where  vulnerable  creekside  land  is  under- 
going urban  development.  The  problem  in  this  part  of  the  region  is  com- 
pounded by  summer  convection  storms  which  produce  high  Intensity  rainfall 
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with  high  voiume  runoffs.  The  most  severely  affected  reaches  of  stream  chan- 
nel are  the  upper  alluvial  fans  where  the  channels  emerge  from  the  hills.  In 
the  subregion  as  a whole,  there  are  about  4,300  miles  of  channel  (or  8,600 
bank  miles).  Cf  these,  over  1,120  bank  miles  have  some  erosion  problems  with 
about  430  miles  classed  as  "serious”.  Average  annual  erosion  damage  is  over 
$150,000  with  the  sediment  produced  causing  an  additional  $280,000  damage 
annually. 

The  aforementioned  flood  problems  result  in  average  annual  damages 
as  follows: 


Study  area  : Estimated  average 

I annual  damages  i'$l,000)  1, 


Surprise  Valley 

455 

Susan  .Slver  Basin 

331 

Truckee  River  Basin 

827 

Carson  River  Basin 

19 

Walker  River  Basin 

406 

Total  .North  lahontan  Subregion 

2,038 

Based  on  1965  pn-lces,  economic  conditions  and  pro^'ect 
cond 1 1 1 on  s . 

Additional  details  are  contained  in  Tables  3 and  4 for  the  subregion  as 
a whole  and  in  T^ble  9 for  urban  areas.  Ma.'or  urban  dam.age  centers  and 
areas  of  the  subregion  subject  to  flooding  are  shown  on  Map  4. 

Future  Needs 


It  is  evident  from,  an  examination  of  current  (1965)  flood  problems 
that  additional  flood  control  measures  are  required.  It  is  estim.ated 
that  average  annual  flood  damages  in  the  subregion  (based  on  1965  prices 
and  conditions)  amount  to  $2,0  million.  The  flood  problems  of  the  area 
will  Increas'-  in  the  future  due  to  the  pressures  of  population  and  eco- 
nomic growth  and  resultant  increases  in  the  use  of  land.  The  population 
of  the  North  Lahontan  Subregion  is  projected  to  Increase  from  39,000  In 
1965  to  51,000  in  1980,  82,000  in  2000  and  152,000  in  2020  (base  plan 
projections).  Average  annual  flood  damages  are  expected  to  Increase  to 
about  $3.0  million  bv  1980,  to  $5.3  million  by  2000,  and  to  $11.3  million 
by  2020  if  additional  flood  control  measures  are  not  provided.  Esti- 
mated damage  for  existing  and  future  conditions  is  contained  in  Tables 
5 and  9a. 


NL-5 


I 


Measures  Required  to  Satisfy  Feature  Needs 


Improved  flood  forecasting  will  be  a part  of  a comprehensive  flood 
control  program.  A well  coordinated  system  of  forecasting  and  project 
operation  Is  necessary  to  operate  the  projects  effectively.  Some  addi- 
tional forecast  procedure  development  will  be  required  In  this  sub- 
region  as  new  projects  are  developed.  The  subregion  lacks  telemetered 
hydrologic  data.  Improvement  will  have  to  be  made  In  the  data  networks 
to  upgrade  the  quBllty  ajid  timing  of  the  forecasts.  The  required  im- 
provements to  the  flood  forecasting  system  are  estimated  to  cost  $130,000 
for  the  1966-1980  period,  $120,000  for  the  1981-2000  period,  and  $110,000 
for  the  2001-2020  period. 

Floodwater  storage  In  reservoirs  will  be  an  Important  feature  In  a 
future  flood  control  program  especially  because  such  storage  would  also 
reduce  flood  damages  further  downstream  In  Nevada  (Great  Basin  Region). 

An  ELddltional  220,000  acre-feet  of  flood  control  capacity  are  required 
in  reservoirs  In  the  subregion  as  follows; 


: Flood 

Study  area/  : 

: control 

: Drainage 

time  frame  : 

Reservoir  : 

Stream 

: capacity 

: area 

in  which  needed  : 

: (ac.-ft. ) 

:{sq.  miles) 

Surprise  Valley 


1981-2000 

Detention 

Structures 

(2) 

(Various ) 

2,000 

44 

Susan  River 

Basin 

1966-1980 

Detention 

Structure 

No  Name 

4,000 

96 

1981-2000 

Detention 

Structures 

(7) 

(Various ) 

20,000 

281 

Truckee  River  Basin 

1966-1980 

1/  2/Stampede 

Little  Truckee  R. 

22,000 

137 

1966-1980 

1/  2/Boca 

Little  Truckee  R. 

8,000 

172 

1966-1980 

l/  2/Mart  is  Creek 

Marti  3 Creek 

15,000 

39 

1966-1980 

Detention 

Structure 

No  Name 

1,000 

1 

1981-2000 

Detention 

Structures 

(2) 

(Various ) 

7,000 

38 

2001-2020 

Detention 

Structures 

(2) 

(Various ) 

8,000 

32 
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Study  area/  : 

time  frame  : Reservoir 

in  which  needed  : 

Stream  : 

Flood 
control 
capacity 
(ac . -ft. ) 

Drainage 

area 

(sq.  miles) 

Carson  River  Basin 

1981-2000  27’Hope  Valley 

w. 

Fork  Carson  R. 

20,000 

52 

Walker  River  Basin 

1966-1980  Detention 

Structures  (2) 
1981-2000  2^' Pickle  Meadow 

(Various ) 

W.  Fork  Walker  R. 

13,000 

100,000 

88 

115 

TOTAL 

220,000 

T7  Under  construction  or  funded  for  construction  as  of  FY  1970. 

2/  Also  provides  flood  control  for  areas  in  Nevada  (Great  Basin  Region). 

These  reservoirs  are  shown  on  Map  3 and  additional  Information  on  flood  con- 
trol storage  Is  contained  In  Table  6.  Estimated  costs  for  additional  flood 
control  capacity  are  $11.8  million  for  the  1966-198C  period,  $18.6  million  for 
the  1981-2000  period,  and  $2.1  million  for  the  2001-2020  period. 

In  addition  to  these  reservoirs,  preliminary  studies  Indicate  that 
levee  and  channel  work  Is  desirable  in  the  following  areas: 


Study  area 

: Levees  : 

: (Bank  Miles) 

Channels 

(Miles) 

Surprise  Valiev 

1966-1980 

0 

33 

1981-2000 

0 

7 

2001-2020 

10 

10 

Susan  River  Basin 

1981-2000 

0 

8 

Truckee  River  Basin 

1966-1980 

0 

1 

1981-2000 

0 

11 

2001-2020 

0 

1 

Walker  River  Basin 

1966-1980 

0 

_5 

TOTAL  10 

76 
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The  approximate  location  of  levees  and  channel  work  are  Indicated  on  Map 
3 and  additional  details  are  Included  in  Table  7.  The  estimated  costs 
for  required  levee  and  channel  work  are  $11.6  million  for  the  1966-1980 
period,  $5.6  million  for  the  1981-2000  period,  and  $3.7  million  for  the 
2001-2020  period. 

The  structural  measures  will  be  complemented  by  non-structural  land 
treatment  measures  for  soil  and  water  conservation.  In  this  subregion, 
the  land  treatment  measures  will  be  primarily  range  seeding,  critical  area 
planting,  brush  control,  rotat ion -defer red  grazing  and  fire  prevention. 

Map  3 Indicates  potential  watershed  pro.lects.  Estimated  costs  and  acres 
of  land  treatment  measures  are  summarized  below: 


lAnd  Treatment 

1966-1980 

1981-2000 

2001-2020 

Thousand  acres 

221 

97 

27 

Thousand  dollars 

470 

490 

290 

Non-structural  flood  plain  management  measures  will  be  a part  of  com- 
munity planning  to  reduce  existing  and  anticipated  flood  problems.  Flood 
plain  zoning  during  1966-1980  time  frame  appears  to  be  the  most  practical 
means  available.  After  1980  flood  proofing  and  other  measures  will  also 
be  practical  in  the  Susan  River  Basin.  Table  9b  shows  the  reduction  in 
damages  expected  from  such  measures.  Communities  in  this  subregion  with 
populations  in  excess  of  2,500  with  significant  flood  problems  Include 
Susanvllle,  South  Lake  Tahoe,  and  Tahoe  City.  Many  communities  with  ex- 
panding populations  are  expiected  to  have  flood  problems  in  the  future  and 
will  be  studied  as  their  needs  become  known.  Flood  plain  Information  re- 
ports for  Tahoe  City,  South  Lake  Tahoe,  and  Susanvllle  are  scheduled  for 
completion  by  1980.  Comprehensive  flood  damage  prevention  planning  and 
Implementation  of  flood  plain  management  measures  would  follow  in  each 
flood  problem  area  identified.  Non-structural  flood  plain  mansigement 
measures  along  approxlmatelv  20  stream  miles  could  be  Implemented  for  the 
communities  named  above.  Map  3 shows  principal  aresis  for  which  non- 
structural  flood  plain  management  measures  Eire  proposed. 

Costs  of  future  non-structural  flood  plain  management  measures  are 
estimated  at  $1.3  million  for  the  1966-1980  period,  $2.8  million  for  the 
1981-2000  period,  and  $4.0  million  for  the  2001-2020  period. 

Potential  to  Satisfy  Future  Needs 


The  flood  control  program  presented  herein  would  reduce  the  projected 
average  annual  dam.ages  $0.6  million  by  1980,  $3.3  million  by  2000,  and 
$8.4  million  bv  2020  at  an  estimated  installation  cost  of  $25.3  million 
for  the  period  1966-1980,  $27.6  million  for  1981-2000,  and  $10.2  million 


I 


for  2001-2020.  Estimated  annual  OM&R  costs  for  the  1966-1960,  1901- 
2000  and  2001-2020  portions  of  the  flood  control  program  are  $0.28  mil- 
lion, $0.38  million  and  $0.28  million  (See  Tables  10,  10a  and  10b).  The 
effect  of  the  potential  flood  control  program  on  future  damages  Is  shewn 
in  Table  8 and  graphlcedly  on  Figure  NL-1,  and  Its  effect  on  flood  flews 
Is  shown  In  Table  11. 
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N^VTii  Lf\;iLN’rAN  SUrBffi IvJK  Cf  T-5.  CAUKuW.'lA  BdLilON 

hstlmbte:  Avera*i-,e  Annual  FU'^jd  LnuuH^e  for  '.‘rrar 
Areas  with  Sl^inlfleant  Flotxl  Ir^bleiA 
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Damage 
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•tai  Sort;:  Uu-or.tan  i>abrcti;lor.  26  13 

r>nr*w-'o  nre  i.asc'.  on  July  1965  prices,  econvACBlc  conditions,  ^jro”vct  ron-iltlons. 
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“ iTPsent  and  Future  Conditions  of  Econoailc  Develcpnent 
wltn  Existing,  Flood  Control  Measures  * 
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Ft^i-ares  in  coluan  3 nr-’  from  coluotr.  1,  *rotal",  s.‘.cwn  on  Table  y. 
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Total  North  Lanonta;. 

Subre^ilon 

74 

157  50 

0 

P7 

?4il 
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30 

87 
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